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DOCUMENT REPRODUCTION BY PHOTOGRAPHY IN 
THE UNITED STATES 


Walter Clark, FPSA* 


ABSTRACT 


increase in the « phot graphy tor the repr duct ft documents in recent years results 


alizatw witsin ) for eff 


f ctively increasing tt { perishable documents, reducing 
he storage space td iments, and disseminating the informat im don iments as rapidly as ctiectively 


t as cheaply as possible Many methods are widely employ { In the United States, there are certas 
aspects on which special emphasis has recently been lai 1, They include the intermediate film method f 
making paper pies, new direct positive papers, microcopying, extra rapid processing, spx ial image 
transfer techniques, and pseudo-photographic meth rds ectrostatic and ‘dry processing The 

{ the micro-image and the problem otf fatigu ising him read been specially 


HE GREAT INCREASE In the use of photography for the locuments on papet When the volume ts large, auto 
reproduction of documents in recent years results from matic and continuously operating systems are used 
the realization of its importance for disseminating the The United States Library of Congress Photoduplicating 
information in them as rapidly, as effectively, or as Service, which ts one of the world’s greatest producers 
cheaply as possible, reducing the storage space of docu of photographic copies of documents, uses automat 
ments, and effectively increasing the life of perishabl continuous systems based on 35mm and 16mm intet 
documents mediate films.* In the Kodak Research Laboratories in 

This discussion may, in a sense, be considered tobe an Rochester, New York, which represents a moderate uset 
extension of the two reports which were published in of the system — the output of prints averaging about 5,000 
1951 on photographic reproduction methods, one by copies per week at present 35mm microfilm negatives 
UNESCO (United Nations Educational Scientific and are used, and st p enlargers in conjunction with stepwise 
Cultural Organization) and the other by OEEC (Organ: paper advancers expose the enlarged copies on rolls of 
zation for European Economic Co-operation The thin paper which are processed in continuous machines 
earliest emphasis was on direct copying onto paper and — In exposing the negatives, code marks are included to 
on microreproduction on rolls of film Both of thes control the movement of the negatives and paper and 
systems are now in wide use throughout the world and, operate the shutter in accordance with the number of 
in spite of many criticisms of the microfilm system, it ts opies of cach document required In general, it has 
still a very widely used system of reproduction of docu been found that better definition resules if the enlarge 
ments ments are made with the film and paper stationary during 

Much of the literature and the deliberations of many exposure rather than in enlargers in which film and paper 
committees have concerned themselves with the avail move continuously 
ability, storage, and dissemination of scientific and other Sheet microfilms are not used to any appreciable extent 
learned material. They tend to overlook the impor in the United States except as intermediates for making 
tance of photographic reproduction in the commercial and opaque positive cards to which reference is made below 
industrial fields, with which most of the recent develop 


Another recent development in the use of microfilm 1 
ments in the United States have been concerned po . 


the Filmsorce system.® One of the criticisms of micro 
- ; , film in rolls is that the information on a roll is fixed in 
The Intermediate Microfilm Method position and in relation to other information. Addi 
tional data cannot be added simply, shuffling 1s practically 
impossible, and cross reference is cumbersome The 
Filmsort system attempts to improve this by incorpo 
rating separate frames or strips of microfilm in apertures in 
ards of conventional shape which can be filed and sorted 
in the normal manner Figure | They can be read in 
special readers or enlarged to make paper re produc tions 
The films are inserted in all major types of filing cards 
including the clectrical accounting cards such as those of 
the 1.B.M., pun hed cards such as the Keysort, L-Z Sort 
and other varieties, and in ordinary plain index cards 
Strips of l6mm and 35mm film can also be assembled in 
sheaths to torm an assembled sheet which can be filed 


[here have been two developments from microfilm 
which have gained a lot of impetus recently. During 
the war, there was developed a system, known as Air 
Graph in England and V-Mail in the United States, for 
handling correspondence with the armed forces in various 
parts of the world. In that system, letters written on 
special forms were photographed on l6mm film, which 
was processed and sent to various distribution centers 
where the film negatives were enlarged onto rolls of 
photographic paper, which was cut up and the resulting 
le ttcrs distributed to the addressee s 

A number of organizations now use the intermedia 


microfilm method for producing photographic copies of 

and sorted Information not recorded from the docu 

* Research Laboratories, Eastman Kodak Company, Rochester 4 ment can be ymbined with the film on the card to pro 
Nev ‘ resid ‘ ldress t Se ‘ 7 hy ’ ’ 

New York. Pres . ~ tion E, Royal Photograpt vide the index and the record The Filmsort system 
™> ty Centenary, Int Ww | Conteret / <1 and A ppl a 

tions of Photography ndon, September ogee ary worked out in the U. S. Office of Strategic Services dur 


' 
the Proceedings of the Conference ing the war, is now used in a variety of ficlds including 


PSA TECHNICAL QUARTERLY, MAY 1954 41 




















inserted in window in card 





it of optical-clectrical-m 
| ly eral hi work 15 how 


th the Shaw rapid 


Document Copies on Paper 
hotographs ot 
t magnifying ret 
probably be knows 
agu wr some such term in 
ich a Mucrocard Microprint 
Microstriy A typical 
may arry ft pr xdu tion 
xtra bibliographi lata 
I at 1s ar usually 
nted from a 
IM posing am . I 
origin and there 1s little doubt chat for 
work automatic composing cameras shou 
the composition of negatiy # lengthy do 
on single sheets of film Most of the photography 
however, is done in 16mm microfilm cameras 
The largest producer is the Microcard Corporatiot 
it there are several other organizations which hav 


installations Miucrocard vailable of mar 


Fig. 2. Microlex reproduction in which 200 pages are 
reproduced on one 6 by 8' .-inch card 


| ubli 


ll uncertainty as to the | 
| j 


ts of scirentuh 


an im any as 


read 


For several years, the Readex Mi roprint Corporatior 


put out large quantiti # microreproductions of 


public documents print { by lithography on 6- by 9-inch 

at ls with pics ot 10% pag . m 3 sid Mi roicx 

Corporation ts planning to blis in f law book 
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roO-o} aq uc at 
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ailabilicy of good 


rs at modest st 


” by 8'/sinch card h 2 pag of text 
ach side Figure 2 ‘ lich graphy has not 
rovV i 


adequate for this pu ; and photograph: 
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contact prir i from s 


prints are preferre t negativ 
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in a COM posing amecra iqu ign if 
1 back to back 
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Ar nt variation of the system known as Microstriy 
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mount 


ontact photograph: uper strip prints from 16mn 
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Fig. 3. Diffusion transfer process—+ paper support 
carrying emulsion 4 in which negative image is de- 
ceeol On contact with the receiving sheet ¢ un- 
developed silver salts from a migrate to surface of ¢, 
and are reduced in the presence of nuclei to form a posi 
tive image 


negatives, the prints being provided with an adhesive 
for mounting on cards. Prints made at different 


cards and other entries can be 


times 
can be assembled on the 


added. The Picturesort Company also reproduces ab 


stracts, drawings, etc., on« 
attach ! 


imber of att 


ards to which microfilm strips 
can be 

At 
people in miniatur 
which the t 
which a 


mpts have been made to interest 
printing, 


xt is just legible 


that ts 
to the 
magnification glass ts needed for 


reproduction tin 
unaided eye, or in 
low satisfac 


tory reading. Such systems would result a saving in 


of library shelf space and 
The 
produ tion is obvious, bur, so far. 
popular In an 
impairing legibility 
her 

press 
cent, 


publi and therefor 


} 
presumably of printing costs 


ation spac 
merit in such re 
it has not become 
unduly 


floret to save space without 


some experiments have been 


using an anamorphic system in the nera to com 
the reproduction laterally or vertically up to 5 
full size in th 
opinion of most of those who ha 


that they would prefer an overt 


retaining th 


cent 

Direct document reproductior f on 
photography paper, which ! av larg il 
in the United Stat 
automatic continuous 


s and mor f r I ! ririy 
processing ¢q has in th 
1 a print with white characters on 
Photostat, Rectigraph and Dex 
In order to obtain black characters on 
hotograph th 


with 


ast always produc 
vlack 
graph systems 

white, 1t was ne« 
It would be { 
produce black 
This 1s 
sulc of the re 
1 whi 


background 


$sary tor 
sirable for m 
whit 


| first py 
st purp scs to be able to 
background in 


to a rapidly increasing 


type on a a singlk 


stag now being do 


extent asat nt introduction of a paper of 
camera spe h give 
levelopment. It 
ship companies for making copies of wrybills from which 
multiple copies may be further made ! mtact printing 
on diazo papers. With th ti 1 of modified 
r pro s of this 
rapidly expar 

ago ther 


P SII Ve pri ts on single 


railway and st 


Stay 


has been used by am 


continuous pa} 

type of paper are 
A few years 

positive paper which gave rev 


ssing equi Be th us 

was introdt { another direct 

Herschel effect 

primarily for coving ring 

metact and particularly for making inter 
rints for subsequent reproduction by 
| | | 


rsal by tl 


and which ts used ngine 
drawings by 
mediate positiv 
the diazo process 
Alchough diazo-type printing processes are used ex 
tensively in the United States for direct enginecring and 
document copies, the screened diazo-foil Retocee process 
apparently has not been widely used in the United States 


| 


Some attention has been paid to the production of dupl 
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cate negatives and duplicate positives on diazo-sensitized 
film, but the practice apparently is not very extensive 


Transfer Processes 


The diffusion-transfer reversal processes have achic ved 
considerable popularity in the United States. In par 
ticular, the adaptation worked out by Land and che 
Polaroid Corporation for photograph 
lirectly in the camera in about a minute has found a 
variety of special uses including the copying of docu 


producing a 


ments There are also several processes available on 
the market which appear to be related to thos« disclosed 
by Rott, Weyde, and others In these latter pro 
Remington-Rand Transcopy, Apeco Auto 


Stat and other systems), an image 1s developed in a sheet 


csscs c.f 


of paper and the silver salts in the undeveloped areas are 
1 to a 
whet I< 


transfert receiving paper coated with ¢ ducing 


nucles of the transferred material 


takes | lace 


vel pment 
Figure 3 


Fig. 4 Kodak 
Verifax System A 
hardened negative 
image is developed in 
emulsion 4 on support 
+. Silver and dye are 
woduced in un 
Ceodeaea areas 
which are transferred 
by contact to receiv 
ing sheet « 


transtcr 
system 


was introduced a new type of 
Kodak Verifax 


emul hon, 


ments and the 


pying known as the 


pro . 
In this case, a paper 
which 


arrying an unhardened 


| 


also contains dye-forming comy 


leveloping 
soluuon which brings about tanning levelopment o. th 


mract with 


agent, Is expose 1 and placed in an alkaline 


xposed areas The negative ts then put into 
a receiving sheet of plain pap rt» which of the 
{ laver is transferred by adhesio 

Figure 4 Three g 

{ from one original! 


been pull { ira 


unhardet 
itive of good density 
can usually be transfert 
in some Cases mor 
» be 
for multiple reproduction on office duplicating 
An interesting feature of the Kodak Veritax syst Ine 
in the incorporation of a nondiffusing developing agent 
in the emulsion, th 
merely to soak the ex} 
Recent years 


( ypc 5 h i\ 


can als made to paper lithographic pri 


ting plat , 


veloping being 
ylution of alkali 


phot > 


requirement for d 
cd paper ina 

introduction of 
handled 
The y are genet ill 
high reciprocity 


ity for the pri t 


have seen the 


in nor il 


graphic printing papers which can be 
room tllumination without fogging 
oated which 


faslur a high inten 


with emulsions have a 
, an | mer ly r quir 
ing exposure 

Rapid 
involv 
film of 


production of photographic copies frequently 
shortening the time required for prow 


paper Much study has been devoted 


sing th 
to thi >, 
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and it has actually been possible to produce finished 


in one second or less 


photograph 


Rapid and Abbreviated Processing Methods 


the ac 
leveloping time 


In rapid lev log ment it i usual to increase 
the d loper to shorten the 


This is done by incr 


tivity of 
asing the alkalinity or adjusung the 
the to produce ad 
y acting leveloper the 
In reased 


oncentrations of 


rapid! 


component more 


raising temperature, and 


other common devices temperature is also 


used for shortening the of fixing and washing, and 


n paid 


washing and 


cimm 
special attention has bee 
instan the 


to rapid drying, in some 
irying being accelerated by 
use of pay rs which hav om 
bin cloping and fixing solutions, sometimes called 

monobath much stigated with the 
but there are 
so far studied, 


low water absory tion ( 


have been inve 


ob t of hortening pro 
tions to the system 


little used 


ing times 


many ob) 


and they 
are very 
The rapid production of 


alled 


ilicated by 
tabilizing instead of fixing and washing 


a print can be fa 


what i 
r halide 
The common way 


The principle is to convert the undevelop. 1 sil 


into stable colorless silver complexes 
of lome 


a} | ly 


Signal Cory 


this 1s to use 
1 co the 


a bisulfite hypo bath preferably 
emulsion sid ‘ The U.S. Army 


stabilization processing 


only 
method of 
a thiourea bath following development in 
to rapid 
elimination of the 
They do 


alchough in normal files such 


has a 
which us 
Stabilization systems lead 
oft che 


washing 


amidol 


prod 


print 
huction hy (aus 
ing an 


normal! fix 


i however, 


prolong ! 
# reduced stability 
have been kept for 
1 prints, it is desirabl 


vive 
| rint 


print 


veral ycars To pr scrve 


stabiliz high relative 
humidities and prolong l exposure to sunlight 

Im the ase otf 
hardened, pro 
cn | raising the ¢ 


h df 125] 
A porous platen pro or 


to avoid 


films, particularly if they are specially 


materially short 


s of the 


ssing times have been 


mpecratur solutions t as 


which was originally de 
| 


veloped in the United Stat and has 


h market is a 
sheet 


recently appeared 
onvenient device for prow $s 
of paper which can be handled in room 
levices af ! 


handling of 


on th bLogl 


ing sing! 


light, and many 


being experimented with to 


amplify che onventuonal 


photograph 


material 


Non-Silver Processes 


Alchough th y ar 
they us halick 


into use ft 


that 
sses which 


not photographic in the sens 


silver emulsions, two pro 


have om 


ntly should be mentioned becaus« 


they are intended ton 
ot th Xerography . a sheet of 
metal with a photoconducting coating 1s given a uni 


form 


for document reprodu In on 


known a» 


POSitry lectrostatt charg It ts 


the mm ¢ X POse { 


and th lectern the ex 


al charge ts conduct away in 
trostatic image 
black de 
This image in black powder can be 
transferred to a sheet of paper by contact and applying 
to the paper a positive electrical charge After chi pow 
ler image ts transferred to che paper, it is fused in posi 


tron by h 


pose ! arcas, leaving on the plate an cle 


which will ateract a dry negatively charged 


veloping powder 


ating (Figure § Copying can be done in a 


‘4 

































































5 ied 
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Fig. 5. Xerography. (1) Metal plate coated with 
photoconductive layer is charged electrically by a corona 
discharge. (2) Positively charged plate. (4) Image of 
copy projected on plate discharges plate in exposed 
areas (4) Negatively charged powder adheres to 
residual positively charged image. (5) Paper is placed 
over plate and given positive charge. (6) Paper at- 
tracts powder from plate to give a positive image. (7) 
Powder is fused to paper by heat. (Credit: The Haloid 
Co.) 














contact and by 


instance, 


printer, in a camera, enlargement, for 
from microfilm negatives. The Xcrographu 
image can also be transferred to offset paper plates for 
reproduction on small lithographic Sepliceting ma 
chines. Xerography has been used for reproducing 
among other subjects, printed documents, enginecring 
drawings, catalogue cards, microfilm enlargements and 
transmitted images on cathode ray tubes . 

he other process, known as the Thermofax process, ™-*" 
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Fig. 6. Thermofax process. Heat passing through 
sensitive layer 4 on support 4 is absorbed by black type 
matter on copy Heat reradiated by black type pro- 
duces visible change in sensitive layer a 


in its first form uses a thin white paper coated on the 
back with wax dyed dark blue he to be 
copied 1s placed in contact with this paper and exposed 
to infrared, usually by the reflex principk The reradia 
tion from the black printed type melts the wax, causing 
it to penetrate through the paper and so gives a reproduc 
tion of the type matter visible from the uncoated side of 
the sheet. In a later version the paper is white, but is 
treated with a material which turns black on irradiation 
by heat (Figure 6 

There is much activity in devising special reproduction 
systems such as the issue of lists of credit ratings or tel 
phone directories which must be very fre 
quently, selection and reproduction of information in 
Attempts are being made to 
apply the Corning Fotoform glass to the reproduction of 
documents through the intermediary of a photography 
positive 


document 


changed 


card catalogues, and so on 


Microfilm and Microtext Readers 


Whenever the merits of microreproduction on film or 
Opaque cards are conside red, the question of how to read 
the material is paramount, and many of the objections 
voiced against microreproduction are concerned with the 
readers Alchough no reader will ever exist which 
satisfies all users, much thought ts being given to the 
design of effective universal reader 
which will handle all forms of reduced photographi 
reproduction. In 1951, there were reported the results 
of a survey of hundreds of users made by the Document 
Research Unit of the Navy Research Section of the 
Library of Congress Most readers used microfilm, 
although there was a great increase in the use of microtext 
on catds. The majority preferred to view the imag 
directly on the screen of the reader rather than on a 
horizontal surface, a wall, or a separate screen. Quite a 
number preferred a screen angle adjustment over a rang 
from 45° to 80° to the horizontal. Most preferred an 
image size about 10 by 12 inches, a viewing j 
foot, and the whole page to be seen at one ume, and a fair 


readers, and to a 


stance Of a 
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percentage preferred some enlargement over the size of 
the original 

It seems to be generally agreed that use of readers in 
volves more fatigue than reading original documents, 
and there are frequent complaints of fatigue on the part 
of people who use viewers in which the image ts pro 
jected from behind onto a translucent screen. D. L 
MacAdam in the Kodak Research Laboratories has made 
some studies in this field, although the results have not 
before been published. He feels that one of the main 
factors that determines fatigue in using certain readers ts 
associated with the ‘hot spot This spot, which ts the 
concentration of illuminance in a narrow angle about the 
direct ray from the projector lens to the eye, may not be 
very apparent on casual inspection, but, if it is there, che 
observer tends to avoid it by excessive head and body 
movements of undergoes nervous tension in resisting the 
tendency for such movements 

The surrounding illumination ts important for com 
fortable reading and to illuminate the working surtace 
between the reader and the observer It causes appreci 
able loss of contrast, although this does not appear to 
be a serious cause of fatigue in carefully lighted rooms 
illumination of the 
observer and dark 


increased by external! 


sources behind the 


Fatigue is 
screen by intens« 
surroundings, which make the screen a source of glare, 
increased by the scinullatuion some 


and it may also b« 


times observed 


Micro-image Quality Determinations 


Practical and scientific study has been devoted to the 
factors determining the quality of micro-images R.G 
Rudd** has listed the factors which seem to be of prac 
tical microfilm 
tended for enlargement onto paper, but they ar 


applicable to contact copying and to viewing tn readers 


significance in the case of images in 


also 


or by important factors 


projection onto a screen The 
arc 
] High-quality high 


definition, in precise focus, and free from flare light must 


lenses of aperture and good 


be used 4 common cause of poor quality 1s the intro 
duction of flare by dirty lenses in the camera 

2. Films for microfilm negatives must have a com 
promise of high resolving power, good image sharpness, 
very fine grain, and reasonable speed. Very high con 
trast and short scale are frequently a disadvantage 

3. Exposure of negatives is critical. In general, the 
contrast of the document, the less 1s the nega 
the higher the contrast of the original, 
the greater is the exposure In addition to contrast 
brightness range of the original), the thickness of the 
lines and their proximity to one another are of great 
tends to fill in the narrow 


lower th 


tive xposure, 


significance Overexposure 
portions of letters in the negative, 
sure for them in enlarging, and this results in spreading 
of the broader Reduction of the 
rinting to give best reproduction of large letters gives 
Under 


lower 


requiring cxtfa expo 


lines exposure in 
ow density and low legibility in the fine lines 
exposure in the negatives with appropriately 
exposure in enlarging gives low contrast prints with low 
legibility 

4. Finer dark lines have higher negative density than 


broader lines, and this is naturally more evident at 


45 











hig! t wt reductior Ir cn i " narrow 
whit } 4 dark backgr 1 eo nepgativ lensity 
a tl rea ais th f width gets narrower 
I} rca f radiant energy into the shadow at th 
x f that within ti rradiated areca at is! I 
ry mak , i rod rometer tra ft ph tO 
rapl f lis ar width (Figur The mini 
mut t f the reproduction of black Ii incrca 
as tl width narrow ind the maximum density of 
th repr ~ ‘ of of whit ‘ | rca a the hime 
width ts narrower It lent the film and exposut 
forad ment ntait MN she and dark n must be 
ted the basis of a mpromi It has been sug 
ted thattl tability of an emulsion for such ipying 
| i sluated in terms of a critical line width for 
wl I | ty of the ima fa white li m a black 
back ] jua that of th mag ¥ a black line ona 
whit ket nad 
I] jualit f reprod rior obviously leper 
lent the quality of the document copied, and in th 
" { typewritten and printed matter the density and 
larity of th tters and the nature of the printed paper 
urta ure Of paramount importats Figure 8 
In pract for best negati juality from a varicty of 
it t it 1s found best to classify documents tn fiv 
broad categories of quality (according to line width and 


ontrast) and assign a different camera exposure for cach 


» that the negative densities are roughly the same for all 
locument This means that all negativ ina roll can 
be printed at mstant exposure to give uniform average 
high pualit 

: nt wot 
i i 5. 2 UR eee oe ee 


Fig. 7 Microdensitometer trace of negative of lines 
Minimum density of reproduction of 
maximum 


of varying width 
black lines increases as line width narrows; 
density of reproduction of white lines decreases as line 
width narrows 


Standardization of Photographic Document 


Reproduction 


\ few vears ago, the American Standards Association 
adopted thr standards in the field of photography 
reproduction of documents under the auspices of ASA 
Sectional Committ Z38 on Photography.** These 
dealt with specifications for microfilm readers (Z238.7.9 
14 recls for pro { microfilm 2.38.7.17-194¢ 
and standard practice for microfilms (238.7.8-1947 


The 238 program was reorganize {in 19 as a group of 


ncw tional committees under a Photogray hi Stand 
ards Board, and in June, 1953, there was organized a Sec 
tional Committee on Photographic Reproduction of 
Documents, PH 5, with subcommiutt lealing with 
microtransparencies, micro-opaques, and documents read 
able without optical devi Ihe Committee was 
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ee, alge ay. a 


Fig. 8 Varying 
quality of typewriting 
Both were typed on 
same machine, upper 
on special paper using 
an acetate sheet rib- 
bon; lower on aver- 
age-grade card using 
a woven cotton rib- 
bon 








{ 1 by Paul Arnold at the Paris, July, 1953 
meeting of a Committee of Experts on Microfilm called in 
tion with the work of Technical Committee 46 on 
International Organization tor 


represcnt 


onnc 
Documentation of the 
ISO 


Standardization 


Document Reproductions for Archival Use 


The factors determining the 


rey roductions for what is referred to as archival storage 
have been thoroughly studied. They have been pub- 
lished, and it can now be said that it is possible to mak« 
photographs which have the permanence of the paper or 
film support on which they are printed, and that the 
onditions under which they should be stored for max: 
mum life have been soundly established 

Some people feel that all documents should be kept 
forever Perish the thought But who would accept 
the responsibility for the selection? Fortunately, the 
photographic technologist is only concerned with pro 
viding the means for copying the documents and making 
them available The foregoing attempts to indicat 
some of the attitudes and techniques which have ap 
peared in the United States in recent years 


permanence of locument 
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MAKING AMERICAN STANDARDS EFFECTIVE 


Carolyn Locher”* 


PHOTOGRAPHER Who keeps up with urrent 


events’’ in the trade journal or magazine of his choice 
ASA” and per 
haps has wondered a little about the association behind 
the symbol 


From a modest beginning in 


has many times come across the symbol 


918, the American 

ASA) has steadily 
grown until it now numbers among its members overt 
100 trade associations, technical socicties, 


Standards Association, Incorporated 


and consumer 
groups, as well as some 2300 company members, all with 
a common 
national level 

Through the “machinery” set up by the ASA 
financial support of its members, national 
standards in the United States have become a reality 

The ASA is in effect a clearinghouse for standardiza 
tion activities throughout the country and the projects 
approved as American Standards represent general agre 


interest——voluntary standardization at a 


and the 
voluntary 


American Standards Association, Ir 


New York 17, New York Rec- 


orporated Fast 45th Ser 


ived 2 March 1954 
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ment among manutacturefs, dealers, and consumers, in 
luding the government 
been reached that the titk 


conterred 


It is not until a consensus has 

American Standard’ can be 

4 standard ts a solution of a recurring problem, and in 
the field of photography, many of these problems wer 
difficule of However, through the efforts of 
the representatives of the photographic industry who in 
1938 met with others directly concerned and initiated 
the ASA project on photography, thes proble ms have 


heen gradually resolved 


solution 


It is seldom that a photographer consciously considers 
the fact that standardization is responsible for giving 
him greater satisfaction in the use of his camera. Stand 
ard dimensions for film, parts for cameras, 
standard processing procedures and the like all contrib 
ute to the ease with which he operates his camera, and 
the pleasure with which he views the finished product 
One phase of the technical 
though it is, touches him closely ivery cume he buys 
a package of film, he profits by the reference in the in 
struction sheets to the Ex posure Index 


standard 


standardization agent 
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Fig. |. Examples illustrating misuse of the American 
Standard Exposure Index and the symbol ASA, taken 
from three different dealer advertisements in the March 


954 issue of a popular photography magazine 


American Standard “Exposure Index” 


At th 
the ! 
ap} arent 
which would provide a means for expressing to the pub 
rehiabl 


films used for ordinary pr 


first meetings of the 
lopment of the 
that 


committee responsible for 
Index" it 
standards 


I x posure hecame 


there was an urgent need for 
manner the sensitivity of 
taking The committe 
1 by all, including 
publishers of t hnical maga 
from the 
ncist 


lic in a simple and 


ture 


wanted standards that could be use 


manufacturers, dealers, 


zines, and pieture takers of all types casual 


snapshot artist to the engineer or sci who uses 


photographs tor t hnical records 
lo th 


ect che 


pes ial standards committee assigned this pro} 
task a 


by no means new and many attempts to solve it had been 


med great indeed, for the problem was 


ountry and abroad by tind: 
None of 


met with universal success and it seemed impossible to 


made over the years in this 


viduals and organizations concerned these 


prod us an entirely satisfactory system for expressing 


photographic speed, much less a program correlating 
other clements as well 
The year 1948 


completed and the nece 


saw essentially all of this particular 


program ssary standards well es 
tablished in American photographic practice 

The American Standard Method for Determining Pho 
Speed Index, 238.2.1-1947 


under revision as PH2.5 to include additional 


tographi and Exposure 
currently 
material lescribes a means of measuring the sensitivity 


48 


haracteristic of film in terms directly related to picture- 
taking practice. A mew testing method was set up in 
the standard and many important terms which had come 
to have a variety of meanings, such as “‘speed,”’ were 
carefully defined. The standard also introduced a new 
concept, termed “‘Exposure Index,’’ which is a value 
directly related to the exposure normally required for 
taking a picture. Exposure Indexes appear to be of 
greater use to most = oranda than sensitometri 
speeds, which represent a more concept. The 
related American Standard for General-Purpose Photo- 
graphic Exposure Meters (Photoelectric Type), Z38.2.6 
1948, requires that Exposure Indexes be used for the ‘film 
settings on exposure mectcrs 

In 1942 an American Emergency Standard Photo 
graphic — nye Computer, 238.2.2-1942, was de 
veloped under ASA wartime procedure by a group of 
experts in the field. This standard was a direct result 
of a request to the ASA from the United States Navy for 
the preparation of a guide to exposure of sensitized film 
under various conditions all over the world for use by the 
Armed Services. Such favorable reports were received on 
the use of the Computer from the Armed Forces, and c1 
vilians who were unable to obtain photoclectric meters 


b ASIC 


due to wartime shortages, the committee decided to re 
vise it for peacetime use 

The new version of the Computer’ (238.2.2-1949 
presents to the photographer all the variables involved 
in good picture taking—weather, distance, time of year, 
time of fas , sun and shade, film Exposure Index and even 
geographic latitude. For properly pictures 
under all daylight conditions in any part of the world, 
it 1s merely necessary with ASA Exposure Computer to 
add together two numbers and then use the dial An 
other improvement over the wartime edition ts the addi 
tional information which has been included, which en 
ables the photographer to use the Computer with re 
versal films intended for direct viewing and projection 
in both black-and-white and color. The wartime edi 
tion covered only black-and-white negative films 


exposed 
I 


Keeping American Standards Effective 


A little-known service performed by the American 
Standards Association in with the use of 
these standards on film sensitivity is the close check the 
ASA keeps on the use of the term “Exposure Index 
and the symbol ASA” in published material As 
stated in the scope of Z38.2.1-1947, the American Stand 
ard method of determining Speed and Exposure Index 
— only to roll films, film packs, miniature camera 
films, sheet films and plates intended for the making of 
monn hromatic, continuous-tone negatives for pic torial 
peoerapey exclusive of photography in the infrared 
Phe standard does not apply to artificial light exposures 
or to process films and other graphic arts films and plates, 
and radiograph films Likewise, the use of the des 
ignation “American Standard”’ or the ASA 
is prohibited should any factor be varied in the testing 
technique (that ts, in the production of the density-log 


connection 


initials 


W. McNaw Phot 
Seprember 1951) p. 96 


See “Correct Exposure tor Every Latitude ] 
graphic Scrence and Technique, Vol. 17, No. 9 
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exposure curve Following are excerpts from a few ASA daylight and tungsten exposure indexes for all 
representative cases where the ASA has called attention popular films’; The ASA pointed out to the 
to the unwitting misuse of the symbol and term in pro- organization which manufactured the computer that 
mouonal material the American Standard 238.2.1-1947 expressly re 
stricts the use of the term “‘ASA Exposure Index 
to data obtained in strict compliance with the stand 


a her 1 I lard deal 
ard t further pointed out that the standard deals 
being marketed under a label stating ASA 

‘ only with sensitometry using light of daylight qual 


Rating Daylight 10, 24 Exposures The ASA 
5 5 \ ’ I ity [he term ‘Exposure Index,’’ without the des 
called the distributor's attention to the fact that ; 
a ignation “‘ASA,"’ however, could be used for rung 
there is no such thing as an “‘ASA rating’ for photo 
‘ ‘ sten ratings provided the standard was followed in all 
graphic film and it was not correct to use the initials 
ASA” in connection either with a color film ora di 
rect reversal film. It would be permissible to use the 
designation “Exposure Index,’ but the initials 
ASA’’ should not be associated with that term in 
this instance. The distributor of the film thanked 
the ASA for the information supplied and agreed to 
liscontinue the use of the cartons promptly and re 
place them with cartons giving the correct informa 
tion 
2. In 1950, cl “me f yt 
2 n 1950, the announcement of a new photo 
graphic exposure computer was published with the 
statement Computer includes a table that lists 


1. Several years ago it was noticed that a film 
arton for outdoor color film of the reversal ty pe was 


othet respects 

5) Also in 1950 it was noticed that a roll film 
carton of a distributor stated ASA meter rating 
64 Daylight, 40 Tungsten The ASA wrote to the 
lisertbutor and directed his attention to the fact that 
no American Standard existed which covered “ASA 
Meter Ratings” and that the correct expression was 

American Standard Exposure Index,’’ or, if insufh 
cient space was available on the carton, the shorter 
form ASA Exposure Index’’ could be used, 

This particular distributor was especially grateful 
for the information supplied and expressed regret 
that a technical error had been mad He agreed to 
correct the cartons on the next printing 

4. In December 1952, attention of the editor of a 
popular photography magazine was called to misus« 
of the ASA symbol in connection with reversal typ 
film and illumination other than daylight 

In this instance, and in additional instances in 
volving other publications, the misuse was not in 
the advertising columns but in the editorial matter 
As usual, the utmost cooperation was pledged in 
preventing recurrences and the ASA was thanked for 
its educational efforts leading to proper use of Ameri 


can Standards 
} A midwest manufacturer misused the symbol 


ASA on an exposure calculator mounted on amateur 
motion picture cameras using reversible type films 
First the symbol was incorrectly associated with the 
term “‘speed"’ when actually “Exposure Index’’ was 
intendes Later an incorrect use of the ASA symbol 
in connection with reversible films was averted by 
the timely advice of the American Standards As 
ociation 
( Even the prominent manufacturers of photo 
gral hic film have slippx 1 oc asionally am pul 
lished incorrect references to ASA Exposure Indexes 
> 
Fig. 2 lue to overzealous copy writers in their advertis 
November 1953 issue of a U. S. camera magazine illus 
trate some violations of the American Standard Method 
for Determining Photographic Speed and Exposure who are unfamiliar with the American Standard 
Index. All four ASA numbers are manifestly the product 2.48.2.1 
of “pen and pencil” rating rather than sensitometric lab- 
oratory tests. The ASA symbol is used in four different Other similar cases continue to cross the desk of the 
ways that are expressly prohibited by the American technical director of the American Standards Associa 
Standard: (1) without further identification as ASA WI 
Speed or ASA Exposure Index, though the latter is inti tion en 
mated, (2) applied to color negative film though the or the registered initials ASA are point ! out, there 
standard is restricted to monochrome materials, (4) always ts noticed a real willingness to cooperate in the 
applied to reversal film though the standard is restricted orrect use of American Standard 
to negative, (4) used with tungsten illumination though 
the standard is restricted to light of daylight quality 
The unauthorized term “rating” is associated with the individuals and firms concerned with progress in pho 
symbol ASA though the standard defines only ASA tograt hy will avail themselves of the services of the ASA, 
Ss d j 
peed and ASA Exposure Index. The figure 300 ASA extending the use of standards which are voluntary, not 
is listed though the American Standard Exposure Index 
scale does not include any such figure and requires that 
rounded-off numbers be used in a specified series an way of Iif 


ing de partments and the efforts of agency ye rsonnel 


these misuses of the American Standards 


It 1s hoped that as the years pass more and more of the 


mandatory, and which are so representative of the Ameri 
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REPORT TO THE 


PSA STANDARDS COMMITTEE 


H. R. Sprentall* 


LD. nine 1953 two mg submitted by PH2 hav 


hecome American Standards. One of these, titled 

Method for Determining Exposure Guide Numbers for 
Photographic Lamps, PH2.4-195}3 in 
printed form while the other, ‘‘Method 
the Relative Photographic Efficiency 
PH2.}4-1953,"° 1s now being printed 

In its present form the Photographic Efficiency stand 
ard applies only to continuously burning light sources 
However, further work has led to the development of a 
procedure for determining the efficiency of momentary 


is availabl 
for Determining 


of Illuminants, 


light sources such as flash lamps, and it ts proposed to 
this proc lure of PH2.3 
This proposed revision ts in the han members of 
PH? for ke tter ballot 
Revisions of two older 
also The first of these is the Spec ! 
standard, originally issued in 1943 and revised in 1946 
and im 1947 The version, 238.2.1-1947, 
been re lited to take ot improvement 
suggested by the standards bodies of other nations, and 
to bring the up to dat This ! 
revision has been accepted by PH2 and is now 
considered by the sponsor (ASA Photographic Standards 
Board The editorial re of the 
Method for Determining Spectral-Sensitivity Indexes and 
Group Numbers, 738.2.4-1946 This t 


im a revision 


ls of che 


im orporate 


standards have been prepared 
and Exposure Index 
current has 
account minor 


terminology 


pro ros 


cing 


second is an vision 


Vision has he n 


circulated to PH2 members for letter ballot 

Several other proposals are under consideration in the 
nine active subcommittees of PH2. Work its progress 
ing well on drafts for the sensitometric exposing of 
color films, for measuring and classifying flash lamps, and 
for sensitometric test methods for medical and ioeiel 
types of x-ray film 

The subcommittees are also studying methods for 
measuring reflection density, illuminants for viewing 
color transparencies and prints, a test method for films 
used for measuring the extent of exposure of personnel 
to penetrating radiation, film speca at short exposure 
times, and the general subject of nomenclature in che 
held of sensitometry 

In addition, members of PH2 are working on revisions 
of the Photographic Exposure Computer (238.2.2-1949 
Diffuse Transmission Density (238.2.5-1946), and Photo 
electric Exposure Meter (Z38.2.6-1948) standards The 
Committee will be glad to undertake any additional 
standards projects within its field of endeavour that may 
he request d by PSA members 

The Committee ts continuing to follow with interest 
the progress of the Draft International Recommenda 
tions for Speed and Exposure Index and for Diffuse 
Transmission Densities. These Draft Recommendations 
are based on the corresponding American Standards, 
and were proposed for international consideration by 
ASA. They have been accepted by the Technical Com 
mittee on Still Photography of the International Organiza 


* Kodak Park Works. Rochester 4, New York M { i ‘ 
' ? 
represents the Photographic Society of America on ASA Sectional ¢ tion for Standardization (ISO/TC 42), and have been 
mittee PH2. is Chairman of that Committ submitted to the ISO Council for final action 
“TTER EXPOSURE GUIDE NUMBERS 
BETTER EXPOSURE G ‘ “RS 
R. E. Farnham, FPSA* 
ABSTRACT 
New ASA Standard tor deter g exposure g side numbers (PH? 4-1953 larifies this long used d 
and s} ld ren many of tt sistencies that ha bothered phot graphers The following 
arts Jiscusses t! ath atical apy ach to th probl mand ch ariety of factors 1 ! 
A list of che various clements that must be observed Speed of the shutter 
in order to obtain a “properly ex pose 1 negative ts * Influence of development 
one of imposing length. It might include the follow y [he photographer's own judgement of what con 
ing stitutes a properly exposed negative 
1. Exposure index and color sensitivity of the film It is not possible for either the film manufacturer o 
2 Power of che light source the maker of photographic light sources (to provid 
4. Distance of the light source from the subject exposure information that will always satisfy item 9 
§. Effect of the refleccor used with the light sours Insofar as item 8 is concerned, the best the film or light 
5. Quality or spectral composition of the light source manufacturer can do is to sce that his exposure 
6. Lens aperture setting data makes available satisfactory negatives with ch 
customary development procedures 
* General Electeru Company Nela Park, ¢ wmnd, ON M Tr le I I | } " 
Farnham is Chairman of ASA Subcommitt PH 5 (Photograpt WSs icaves seven cxposure cicments that must « 


Hluminants 


given consideration before taking a picture 


In the case 
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of a steady or continuously burning light source, an 
exposure meter provides the answer for items 2, 3, 4, and 
5, and it only remains for the photographer to apply 
items 1, 6, and 7 to his exposure meter calculator to give 
him all the necessary information to take his picture 
The introduction of photoflash lamps in 1930 and their 
immediate general acceptance, created a real problem of 
providing accurate exposure information. Exposure me 
ters Those experts who set their expo 
sures from the brightness of the image on the ground glass 
were helpless The human cye was of t in gauging 
the amount of light available from a flashbulb. Cons« 
quently carly exposure information published by flash 
bulb manufacturers read something like this, ‘‘for film 
speeds of from 12 to 16 and number ‘X* photoflash lamp 
with open flash, use f/14 at 6 ft.; £/7 ac 12 ft 
All very well for picture taking under the conditions 
outlined, but what to do with other film speeds, and 
Mental gymnastics involving squares 
simplifi 


were uscless 


Oo us 


hy 


other distances 


and roots were Obviously 


cauon of a high order was called for 


square required 

It was realized that a person setting out to take some 
flash pictures started with film of a particular exposurc 
index, with flash bulbs of a particular size or light 
power, likewise reflector and an inclination to stick to 
or perhaps a 1/200-second shutter setting 
all that remained for him to do 
with the dis 


open flash 
If such were the case, 
was to set his lens aperture in accordanc 
tance from the lamp which is usually at or near the cam 
era. It was soon found possible to provide a single 
number which represented the product of the distance 
from the flashbulb to the subject and the let 
they are 
number 
film, the 


an ! the 


s aperture 
system, inversely 


this 


setting using the ‘'f since 
related. The value of 
governed by the exposure index of the 
of the flashbulb, 
shutter speed setting 

Thus our photographer, starting out on a_ picture 
taking expedition, has only to look up the guide number 
for the film, flashbulb that he has with 
him. Upon getting set for his picture, he that 
the subject is 8 feet away and 8 divided into this guid 
number, which let us say ts 64, gives him an aperture 


guide would be 
powe I 


including its light quality, 


and re fle« tor 


notcs 


setting of [5 


The Original Guide Numbers 
The first April, 1941, 


were obtaine 1 by means otf trial exposures using various 
films, flash bulbs, shutter speed settings and 
numbers for 


omputa 


guide numbers, published in 
noting the 


aperture and distances. Guide 
other exposure 
tion from these experimentally determing 

These guide numbers have played an important part 
in the popularity of flash pictures because they climinated 
guess-work. Unfortunately there wer 


numbers published by film manufa 


openings 


conditions were obtained by 


| value 5 


much of the 
troubles 
turers often disagreed with those put out by the bull 
makers. (Guide numbers for similar powered flashbulbs 
of two different manufacturers for the film som 
soon apparent 


guide 


same 
times did not jibe The reasons were 
Some were obtained with a polished reflector, others 
reflector Size of reflector often 


was no agree 


finish 


with a diffuse 
1 the results, and finally, there 


intluenc ce 
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ment as to the density to which the film would be ex 
posed W hat was the poor photographer to do? His 
tilm carton might give him one value and the flashbulb 
bulb sleeve might show another 

Here was an excellent opportunity for the American 
Standards Association, through its photographic sex 
tional committees, to establish a enaleaianl procedure 
for determining guide numbers. The writing of such a 
involved the cooperation of all film manu 
facturers together with the manufacturers of 
flash lamps. There were two general procedures which 
could have followed: (1) The actual taking of 
photographs in a carefully standardized room with a 
special camera having a calibrated shutter and aperture 
2) The development of a mathematical 
formula which included all the usual variables and to 
which the flash lamp output, the film exposure index and 
a reflector factor could be inserted and a guide number 


standard 
sC veral 


heen 


adjustment; 


arrived at 
The first method presented a pretty difficult problem in 
conditions, colors, etc., and obtaining a 


Spe ifving room 
Obviously many samples of 


suitable laboratory camera 
films and lamps would have to be used 

The Committee was fortunate in having available 
Messrs. Jones and Condit’s very comprehensive paper, 

Brightness Scale of Exterior Scenes and the Computa 
tion of Correct Photographic Exposure Only slight 
modification of these data were necessary to adapt them 
to interior scenes and artificial light sources. Accurate 
film exposure indexes are available through ASA Stand 
ard Method for Determining Photographic Speed and 
Exposure Index (238.2.1-1947 Photometric labora 
tories have well established methods of measuring the 


light distribution of reflectors 


American Standard Guide Numbers 


Weighed against the complicated method of test 
pictures, it was a comparatively simple problem to 
develop a mathematical method of determining guid 
numbers, which have subsequently been verified by fic Id 
trials This has been made available in the recently 
wublished “American Standard Method for Determining 
Numbers for Photographic Lamps” 
from the American Standards 
70 East Forty-Fifth Street, 


x posure Gyul le 
PH.2.4-1953, available 
Association, Incorporated, 
New York 17, New York 

The final paragraph of the 
follows 


standard concludes as 


G V .OOSLtMS in which 
Number 


light output from the source in lumens 


Guide 


time of « xposure in seconds 

The reflector factor, a number representing the 
gain in effectiveness for a lamp-reflector com 
bination over a bare lamp 

The speed of the film according to the ASA rat 
ing for that ty yx oft light source 


The constant .005 or 1/200 welds these four quantities 
together and its value has been governed by 
Novem 


1, No. tl 


ety of America, Vol 





\ safety tactor 
Development of the film 
Ref| of the sub) 


| ighting 


tance 
IM position 
Nature of the subject envir 
lransmi of the | 
Effect of finite obj 

(a ff { 


ctting 


mment 


son 


by th 
sents lamp lumens and ¢, 
applicable to steady burn 
sources whos« output values 
onds (Le Knowing the 
the the standard 
method of arriving at the 
the of the 


time of ¢ x posure, 

number formula ts 
ings sour s as well as flash 
are express as lumen-s 


ower diseribution of 


andley reflector, 
outlin 
roth 
Various arca 


Wh 


at sper Is vr 


im its appendix th 
which 
of che pi 
n flashbulbs are 


tor factor weighs importance 
tur 

used with the shutter operating 
than 1/25 see part of the flash 
orrection must be appli { co the value Le 
tion from the light 


lamp manufacturers ts 


ater onds, 


iscut offanda 
The 
cum urve 
likew! 
The imy 
flashbulb manufa 
mediate use of th 
ategorics even 


thod of obtaining this 
publish 1 by ch 
append 


1ix 
this 


corre 


given in the 
film and 
their im 


wtance of standard to both 


turers was demonstrated by 


number formula by manufa 
at the 


irculated for general comment and ap roval, and before 


gul fe 


turers in both time it was being 
its final approval as an American Standard 

Th really so simple that the mathe 
mati member it and make up 


their familiar GE #5 photo 


final formula ts 


ally inclined can easily t 


own guide numbers Th 


flash lamp has a rated output of 16,000 lumen-seconds 
The usual small reflector of the matte finish type has a 
reflector factor of § (Polished type 8.) There its 
shown on the data for Ansco's Plenachrome film, for 
example, the speed rating of 25 for tungsten illumination 
Applying these values to the guide number formula 


Gn Vv .005 X 16000 K 5 K 25 100 


As mentioned earlier, the guide number formula ts 
equally applicable to steady burning sources such as 
yhotrotloods For example, the No. | photoflood has a 
ight output of 8500 lumens and if you choose to use a 
1/5 second exposure, the term Lt of the formula will be 
1700. Likewise guide numbers for electronic flash can 
be obtained in the same way The reflector factors wil) 
of course be different and no correction for high shutter 
speeds need be made, since the entire flash takes place 
within the opening of the fastest shutter 

If two lamps are to be used, one on each side of the 
camera, the L value will of course be doubled and this 
amounts to a 40 per cent increase in the guide number 
In other words, when using two lamps of the same power 
and at the same distance, multiply the guide number for 


one lamp by 1.4 (1. ¢., V2 


The adoption of a standard procedure for obtaining 
guide numbers is another example of the many and varied 
activities, fostered by the American Standards Associa- 
tion, in which manufacturers and distributors unite with 
consumer representatives and experts having only a 
general interest in the subject to help photographers, 
both amateur and professional, obtain better pictures 


THE ACTIVITY OF PHOTOGRAPHIC RESEARCHES IN JAPAN 


SHINNOSUKE FUKUSHIMA* 


War on the d 


hav b ! 


Tl} vences of the Pacity lopm nt and 


activity of the photographic scien little in Japar 


Damage of the photographic institutes and factories was rather 


small cept two representative colleges) as they are mainly 


located in the suburbs and escaped from the destruction of at 


Bur ct conomical conditions due to the confusion of 


War and th 


cially th 


raid 


the social system after th lack of a constant supply 


f modern instruments sf difthculty of communica 
tion with foreign countries made the researchers stop their work 
controlled price and 
Finally, 


general stability of the pri 


ars alter the armiustx Th 


ontinued as late as 1990 how 


4 and th 


storationv 


{ tiles « 


igns of 1 in Japas This year, che 


rials ¢ ach d as 
ar 19% 


photography in 


industrial production of photographic mat 


high as standard which was recorded in the y 


Th lucational 


what fewer in 


metirutions of screntin 


Japan are som umber as compared with other 


professional educational organs There are lecture chairs in 


th tw stional universities. two colleges for prof ssional 


ducation and two or thr annual summer schools for general 
t Japar 1 Ne 
*kyo, Japan Reprinted 
sllecwn of The Socrery of 


tography 


photography. Researches are made by the professors of th 
above organs and mainly by the young men of research labora 
tories which belong to the manufacturing companics of th 


Under 


activities of photo 


photographic sensitive materials th conditions 


above mentioned, let me introduc th 
graphic researches in Japan 


Ther 


Kameyama, now the president of 


is a group of men who are the followers of Prot 
Science Council of Japan 
and also the ex-president of this society. The aim of their work 
is to account for the reaction mechanism of chemical sensitizing 
materials and its adsorption to silver halide surface by means of 
lectro-chemical sensitizing materials and its adsorption to 
halide electrochemical methods 
Some groups are trying to account theoretically for the ph 

the 


silver surface by means of 
nomena of varius anomalous effects of sensitizing At 
Research Laboratory, Fuji Photo Film Co., Lrd., S. Fujisawa 
and E. Mizuki are making their effort to explain the mechanism 
of latent image formation and chemical sensitizing by means of 
precise experiments on the failure of the reciprocity law Th 
letails of their work will be published in this Bulletin 

There 


contained in the photographic gelatin that was in very short 


are cumulative researches on the ripening inhibitor 


supply in Japan, as an industrial raw material during the War 
The researches were continued from 1941 to 1952 and thirty or 
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more members engaged inthem. Natural and artificial ripening 
inhibitors, including known and unknown constitutions, wer 
tested for bromide emulsion, and, especially in the latter, mor« 
than 130 inhibitors of probable constitutions containing nitro 
gen and sulphur were synthesized A part of these results will 
be presented to the International Congress of Photography 
1953 


inhibitors by 


excellent 
Bl and 
Penicilline G and their derivatives and furthermore a convenient 


We are satisfied with the discovery of some 


these researches, for instance, Vitamine 
process of testing the inhibiting power of the substances in 


question by the silver potential titration of the fog inhibitors 


An clectron microscope cinematograph of crystal dealing 
with the change of silver salt under exposure was successfully 
made by M Fuji Photo Film 
Co... Led 
which are generally used in this country for sensitometry were 


Tajima of Research Laboratory, 
Gelatin casted optical wedges of good neutrality 
made by the author An ingenious manufacturing process of 
silver halide emulsion continuously by mixing and overflowing 
was by Prof. Kikuchi and M 

Another process of manufacturing 
Yano of Mitsubishi Paper Mill 


Co., is a new kind of paper in which polyvinyl! alcohol is used 


followed by washing tried 
Ohshima 


printing paper improved by T 


with success 


as a vehicle instead of gelatin. This photographic paper will 


be on the market during this year 


There 


Two of 


We will now glimpse into the industrial production 
are three kinds of color films that are on the market 
them are without coupler in the film and another is the film 
containing coupler, i.c., Fujicolor film, Sakura color film and 


Oriental color film. The former two are used for color movies 


}. Soc. Sci 


More than 3 million dollars worth of cameras and lenses in 
cluding accessories were manufactured during 1951 and some 
of them were exported to U.S.A The 35mm Leica type camera 
fitted with £/1.4 lens is contained in the above exported 
cameras. We are glad to say that this camera, which was 
rather inferior in the past, is now a first class camera 

In concluding, though the activities of photographic re 
searches and the development of photographic technics in Japan 
were not fully communicated to foreign countrics in the past 
because of the difficulty of language, we hope that in the future, 
through this Bulletin we will be an intermediator to the for 
cigners so far as the inquiries of details of researches in Japan 
are concerned 

The Society of Scientific Photography of Japan was founded 
in February 1926 and now numbers 729 members. Its journal is 


published quarterly in Japanese, cach issue containing 4-5 
reviews and proceedings. It is published 
annually in English, containing original papers. From Vol. 14 
No. 4, the Japanese edition will contain the English abstracts 
Up to Vol. 12, the English edition No 1 contained 
abstracts of several reports. Dr. Akira Sasai of the 
Engineering, Chiba University is Chief Editor of the quarterly 


Phot Sci. Phot 


original papers 


of content 
faculty of 


Japan, and the annual Bull. Soc 


Japan 


The Society holds a in May, 


monthly meetings 8 times a vear, original report Meeting twice 


General meeting cach year 
a year, public lecture meeting thrice a year, and a dinner party 
on the new year 

The membership is composed of 537% research workers and 


engineers, and 10°), professors and scientists 


MECHANISMS OF COLOR-SENSITIZATION 


Lester Horwitz* 


\ Vy ruin the framework of the various steps postu 


lated in the formation of a latent image, a sensitizing 
dye cooperates to make the silver halide emulsion re 
sponsive to lower energy stimuli. It is by the interplay 
of several competing actions that one can hope to ex 
plain the phenomena observed 

Roughly, latent image formation takes place by a 
series of steps; the first being the impingement of a 
photon of light on the silver halide emulsion resulting, 
directly or as a consequence, in the elevation of an cle« 
tron into a mobile state. The second step results when 
the electron mobility is stopped by a suitable energy 
sink and is then available for the third step. In this last 
step, the clectron combines with a silver ton. Overall, 
there occurs the formation of neutral silver and halogen 
atoms by the transfer of an clectron; the energy for 
transfer being supplicd by the impinging radiation on 
exposure of the silver halide emulsion 

n discussing the role of sensitizing dyes in the above 
sc heme, attention will be called to absorption, photo 
conductivity, aggregation, and structure of these dyes 
Also, the action of desensitizing dyes and the phenomenon 
of desensitization by sensitizing dyes will be viewed 
Particular attention will be said ee the overall face chat 
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sensitizing dyes permit the photographic process to pro 
ceed under conditions of lower energy activation 


Adsorption of the Sensitizing Dye on the 
Photographic Emulsion 


Adsorption of a sensitizing dye to the silver halide 
crystal in an emulsion binds the dye to the crystal. In 
many interaction among 
many dye molecules results from adsorption The forces 
in the crystal to which the dye ts attracted occur at 
regularly spaced intervals. As a resule, when adsorbed 
as a monolayer, the dye molecules are lined up in juxta 
position one to another with the plane of cach dye mole 
cule parallel to the plane of the other dye molecules on 
the crystal surface Such factors as these are conducive 
to a special type of resonance The unsaturation cle 
trons belonging to an individual dye molecule interact 
with the unsaturation electrons belonging to the many 
other individual dye molecules on the crystal surface 
In this manner the many dye molecules bond together 
to form an aggregate, losing their individuality. It 
should be mentioned that excellent sensitizing 
dyes do not exhibit any measurable interaction of their 
unsaturation clectrons when adsorbed on silver halide 
or at any other time When the 


instances extended resonance 


many 


unsaturation (mw) cle 
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together and 
polymer 


probably 


trons interact the dye molecul an bind 


nsitize the emulsion as an 


I he force 


the samc as 


agercgate of 


\ for aggregation of dye molecules ar 


those responsible for the very extensive 


molecular compound formation known to exist between 


aromatic molecules [he role played by adsorption in 


hals iT 


between d and 
| | oO th 


onsidered, al 
can play in facilitating dye aggregation 


binding a sensitizing dye to ch f rystal, 


«> that cnecTrgy 
take place 


that adsorption 


transfers rystal can 


will be additional part 
nsitizing lye and 
mulsion to tak« 
pla c, it becomes apparent that the two 


Spectral regions to which 


bor any cooperation hetween th 
the silver halide in the photographi 
entitics must 
become spatially adjoimed} 
sensitized generally 


the emulsion becomes respond 


to the absorption range of the dye adsorbed on the crys 


tal, this range being towards the longer wavelength of 
the al vorption of lye 


non The 


in alcohol or dilut 
Jnajority of practical s 
in’ nature 


al qgucoUs 5 ylu 
nsitizing lyes are 
and it 1s only to be expected that they 
those bromide 
lartice Of 


uncharged, are 


ationit 
attracted to 
iin th 


will be clectrostatically 


anions externally locate silver halid 
merocyanines, being 
their polar 


meroc yanine West 


urs the 
nature alon In th 
Whit 
ads rption 
linkag 


suitabl 


by virtue of 
Carroll and 
studi { th 


A of certain 


have extensively 
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characteristics of sensitizing dyes | wstulate a 


cation of th and 
of che ly 


urves are oft th 


between the silver atti 


clectronegative atom In general, the ad 


sorption isotherm Langmuir or, in 
They do not in all cases 
Most adsorbed dyes can 
by other strongly adsorbed sul 
and at least some are lispla ed 
j hed d 


strongly adsor lye mol 


some cases, Freundlich forms 


wesent equilibria 
he lisplaced 


urvcs 
however 
such as thioure a, 


by gelatin Even rather 


ule in wander from one grain to another in mixed 


emulsions. (Figure | 


Fig. |. General formula for a cyanine dye showing 
two of the canonical structures which contribute to the 
resonance hybrid (Y may be CHeCH or 
hetero-atom and o may have the values 0, 1, 2, 4) 


some 


Fig. 2. Paracyclophanes. At proper values of m and 
n the r-orbital electrons of the benzene rings overlap, 
causing changes in spectral absorption characteristics 
(for ultraviolet and infrared ) 


As a result of the investigations initiated by Sheppard 
and co-workers the cyanine dye, 
grain ot the silver halide emulsion, is believed to be 
stacked with the plane of cach dye molecule parallel onc 
to another In this way the silver halide crystal ts 
covered by a monolayer of dyc, cach dy« 
4.6 A one from the other The positive pole of the dye 
is oriented toward the crystal. From the magnitude 
of the heats of adsorption (10-12 Keal. per mole for the 
first addition of well adsorbed cyanine 
seen that the energy ot adsorption lics somewhere be 
tween that of van der Waals and clectrostati 
Most likely both types are in play 

Certain aspects of adsorption can be correlated with the 
sensitization of partic ular cyanine dyes There remains, 

general relationship between ad 
sorbability and efficiency of sensitization. Dyes which 
are non-planar are generally more poorly 
This ts attributed to the greater distance over which the 
attractive forces between the non-planar dye and the 
silver halide crystal must operate Non-planarity will 
restrict the freedom of motion or non-localization of the 
unsaturation or fF This will diminish the 
van der Waals forces available for adsorption How 
ever, the poor adsorption of non-planar dyes does not 
completely account for their poor sensitizing qualities 
It is only when the ability of the planar and non-planar 
lyes co hand over their energies to the 
used in the photographic process, is considered that 
one can understand the differences. Invest 
gations have further disclosed that some non-planar dyes 
be supersensitized and converted into more efficient 

The supersensitizers need not necessarily them 


a lsorbed onto the 
molecule some 
it can be 


lyes 


forces 


nevertheless, no 


adsorbed 


C lec trons 


crystal, to be 
essential 


an 
dyes 
selves be effective optical sensitizers nor absorb in the 
same spectral range as the sensitizer for the photography 
This increased elhiciency is not related to a 
increased energy of adsorption. Rather, it an in 
creased efficiency of energy transfer to the silver halide 
crystal that probably explains che 
sensitization of non-planar dyes 


pron css 


process oft super 

Consider the interaction of the unsaturation electrons 
of one molecule with the unsaturation clectrons of other 
overlap of # orbitals London has indi 
ated that in clongated conjugated systems, such as arc 
found in cyanine dyes, the unsaturation electrons be 
longing to the various molecules interact over greater 
distances than usually with van 
Waals forces A most satisfactory study of such inter 
action of unsaturated centers in molecules whose geom- 
etry is known is that of Cram and Steinberg.* These 
workers prepared paracyclophanes in which two un 


mole ules 


those ass ciated der 
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Fig. 3. Absorption of a cyanine dye (A) is plotted 
as a transmission Curve for comparison with the absorp- 
tion curve for the same dye when it is adsorbed onto the 
silver halide grain (B) and curve C, which is a cyanine 
dye absorbing in solution—as in Curve A, but absorbing 
when on the silver halide grain as a polymer. Note the 
shift of C to a much longer wavelength than is the case 
with the monomeric type dye shown in Curve B; also 
the narrow and more intense absorption band. 


saturated benzene groups are fixed within the same mol 
structure The 
distances separating the benzene rings can be varied by 
varying the number of methylene groups in the macro 
cycle. When the distances between the rings 
are small the @ clectron orbitals of the benzenes of the 
macrocycle can overlap and corresponding changes in 
the spectra of the compounds are observed when com 
pared to the absorption characteristics of open chain 
analogs. The adsorption of a dye to a halide 
lattice may be as a means of fixing the geometri 
relationship of the dye molecules one to another. When 
as 1s the case for many cyanine 
center of one dye molecule can 
unsaturated many of th« 
other dy« Thus, many individual dye mole 
cules are together as an aggregat What its 
observed ts a modification of the interaction of the un 
saturation clectrons of individual dye molecules (mono 
thers) with light The absorption bands characterisex 
of the monomer are diminished and there appears an 
absorption band attributed to a large number of dye 
molecules absorbing as an aggregate (polymer 
From the foregoing considerations it should be ex 
pected that a cyanine dye which aggregates can theo 
reticaliy exhibit three different types of absorption when 


cule as parts of a large macrocycli 


benzene 


silver 
vicwc 


conditions are favorable, 
dyes, the 
interact 


unsaturated 
with the 
molecules 


centers of 
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irradiated with polarized light 
acteristic absorptions are functions of electronic transi 
tions in three dimensions. Scheibe has demonstrated 
this to be the case with pscudocyanine iodide \ 
mixed crystal of quinaldine ethiodide and this dye was 
isolated from alcohol. In this manner the dye tons in 
the crystal were parallel one to another. Irradiation 
light whose directton of polarization 

was roughly parallel to the plane of 
the dye molecule (1.¢., parallel to the length of the con 
jugated chain) caused absorption at 5300 A. When the 
light vector was vertical to the plane of the molecule 
only a weak and modified absorption of the dye at 
4900 A occurred. These absorptions are characteristic of 
transitions of monomeric dye; a transition 
in the long x axis of the planar dye molecul 
in the y In the 
to be intensified 


These se parate char 


by polarized 


electric vector 


clectroni 
5300 A 
and another transition (4900 A 
dimer the y appears 


axis 


axis transition 


Now, when the electric vector of the polarized light 
was parallel to the thread of the polymer (z 
—— band at a longer 


axis) a 
new intense and narrow 
wave-length (5730 A) appeare: 

sorption of light by the polymer 
exhibited a fluorescence band which 
that this is the only type of complex molecule, 
as is known, having a fluorescence band and absorption 
band coinciding in position and half-width. As indi 
cated, the electric vector of the light exciting clectroni 
transitions through the axis of the polymer ts per 
pendicular to the plane of cach individual dye molecule 
making up the polymer The very narrow polymer ab 
sorption band indicates that this electronic transition 
is not coupled with vibrational and rotational levels 
to any Nor is all the energy absorbed by 
the polymer casily transferred to the halide 
This is evidenced by the fact that the polymer 
exhibits fluorescence Energy emitted as 
scence (by the dy« is lose to the photograph 
Monomeric dyes have wider absorption bands 


corresponding to ab 
The polymer also 
is noteworthy in 
so tat 


great extent 
silver 
crystal 
resonance 
fluore 
process 
indicating coupling with vibrational and rotational 


also transfer the energy they absorb 


levels but they 
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Fig. 4. Spectral sensitivity (A) of a normal silver 
bromide emulsion, (B) the same emulsion sensitized 
by a monomeric type dye having an absorption curve 
like Pig. 3B, and, (C) the same emulsion sensitized by 
a polymeric type dye having an absorption curve like 
Fig. 4¢ 
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Fig. 5. Absorption of pseudocyanine in solution. 
The polymerised dye shows a sharply-defined, strongly 
absorbing band around $60 millimicrons. The dye in 
dilute solution (monomer), shown by the dotted line, 
has its maximum at $430 millimicrons 


iently than do dye polymers to the silver halide 
crystal 4 method of increasing the efficiency of energy 
transfer from dye to crystal is termed supersensitization 
As will be later most su 
cessfully applied to dyes which aggregat With che 
supersensitization of a dye aggregate the energy photo 
transferred to the 


more ch 


cn supersensitization is 


lose as fluorescence ts 


graphically 


silver halide crystal; the fluorescence ts quen hed 


The preceding aspects of adsorption play a role in the 
lyes as photographic sensitizers 
[he study of aqueous solutions of pse udocyanine chloride 


usefulness of cyanine 
by Sheppard,* Scheibe* demonstrated that 
as the dye became 0.01 M) the vis 
cosity of the solution began to increase until a jelly was 

This jelly dis lave | and ab 
sorbed in a new sharp — very much 
longer wavelength regions than its absorption in dilute 
solution This longer wavelength absorption called 
J-band) of th pseudocyanine 
chloride was 
halide emulsion bands of this 
dye observed in diluc The 
sensitization of an emulsion of the kind displayed by 


and Jel y 
more concentrated 
obtained fluorescence 


intense band at 


solution of 
sensitization of the 


concentrated 
with its 
In this statc, the 
depressed 


correlat | 
silver 
solution are 


pscudocyanine chloride, extending as it does even further 
out to the red than would be predicted from its absorp 


of the second 


in dilute aqueous solution, ts called sensitiza 
second order sensitization 


tion type or 
characteristics 


It 1 only as a that 
allow this longer wavelength absorption band, acerit 
uted to a property of the dye in a polymerized form, to 
he observed in the case of concentrated solutions of 
pscudocyanine chloride. But this long wavelength 
Maximum is prominently exhibited in the sensitized 
dyes which arc 


fortuity solubility 


other carbocyanine 
in water or alcohol to achieve the 


spectra of many 


insufficiently soluble 
minimum critical concentration needed to aggregate into 
a polymer The addition of inorganic salts to these 
dyes in aqueous soluuon can frequently induce the ap 
long wavelength re 
maxima 


pearance of these maxima in the 


which correspond to the sensitizing 


gions, 
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characteristics of these dyes in the emulsion What 
happens is that polymerization of certain dyes is achieved 
in hele adsorption to the crystal surface even in cases 
where solubility characteristics are insufficient for ag- 
gregation in solution. As a result, with these dyes the 
emulsion can be sensitized in correspondence with the 
absorption characteristics of the dye as an aggregate 
Summarizing, sensitizing dyes absorb light and sensitize 
an emulsion bathochromically to their absorption 
spectrum in solution. Certain dyes, when adsorbed to 
the grain, absorb and sensitize to a pronounced extent 
in even longer wavelength regions (second order dyes) 
as a result of their absorption of light as aggregates 

Emulsion conditions play an important part in deter- 
mining the nature and extent of adsorption of the dye to 
the silver halide lattice. The types of adsorption in- 
clude: (1) A weakly adsorbed, probably monomolecular 
form. Of course, a dye which is strongly adsorbed as an 
agercgate when present in larger concentrations may 
also be strongly adsorbed even when present in amounts 
too small to form a complete monolayer. Strangely 
enough, the efficiency of transfer of the energy absorbed 
by the monomer is greatest, (2) A firmly adsorbed, non 
wandering, probably dimeric or somewhat polymerk 
aggregate and, (3) A highly adsorbed, firmly bound, 
polymeric form.'! 

Further, some dyes even when present in minute 
amounts in the emulsion, zbsorb as aggregates. Others, 
form aggregations only as the concentration of the dy« 
reaches a critical minimum. Thus, as the concentration 
of these latter dyes in the emulsion is increased, absorp 
tion characteristics corresponding to monomeric and 
polymeric forms are observed. There is also observed 
an intermediate form of aggregate whose absorption 
spectrum on the crystal is hypsochromically displaced 
to its spectrum in solution (H-band 


Correlation Between Photoconductivity and 
Sensitization 


It can be stated that there is extensive correspondence 
between the efficiency of photoconductive response and 
that of photographic activity in a dye sensitized emul- 
sion. Further, it is in pust the same regions of sensitiza 
tion of the emulsion by the dye (bathochromically to 
the absorption of the pure dye in solution) that the 
emulsion is sensitized for photoconduction.'*'* One 
finds that those sensitizing dyes, which are adsorbed 
well and function as efficient photographic optical 
sensitizers will also extend to the longer wave-length 
regions the photoconductive sensitivity of a silver halide 
emulsion Also, the order of photoconductive scensiti- 
zations of these dyes correspond very nearly to their 
order of photographic effects 

This information lends considerable weight to the 
proposition that sensitizing dyes function in a manner as 
to increase the probability of the promotion of an clec- 
tron into the state of mobility required for step one of 
the photographic process to ensuc. Since the activity 
of the dye corresponds to its absorption characteristics, 
there does not appear to be any reason to suppose that 
sensitization would involve the process of stopping 
electron mobility (step 2) or the combination of the 
electron with a silver ion (step 3 These latter steps of 
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the photographic process should not be influenced by 
any absorption characteristics. However, reference can 
be made at this juncture to the desensitization of a 
silver halide emulsion by a sensitizing dye. It will be 
indicated later that the sensitizing dye can serve as a 
yotential sink for the excited electrons in the conduction 
yand of the silver halide crystal and in this manner im- 
mobilize electrons. Such trapping, the precise mecha 
nism of which will be suggested below, can convert a 
sensitizing dye into a desensitizer for silver halide 

It is of further interest that the phenomenon of super 
sensitization ty observed in the photoconductivity of 
dyed emulsions.'* The supersensitizer enhances the 
photoconductivity response to an extent over and above 
any enhancement of intensity of absorption of the sen 
sitizing dye either in solution or aiaadied on the silver 
halide grain 
in the transfer of the energy captured by the sensitizing 
dye (in its initial absorption) to a form useful for photo 
conductivity and for photographic processes that the 
effect of a supersensitizer is to be understood. These will 
be disc ussed separately 


It is in enabling an increased efficiency 


From the evidence, then, the sensitizing dye absorbs 
the impinging radiation and this energy finally appears 
as an electron in the conduction band. No reference ts 
being made as yet to the origin of the electron 

The behavior of desensitizing dyes with reference to 
the photoconductivity phenomenon has been treated by 
West.'* It will be mentioned presently along with other 
characteristics of desensitizing dyes 


Mechanism of Transfer of Energy by Absorbing 
Dye 


It is appropriate now to consider the exact path by 
which the energy, first acquired by the dye, is so trans 
ferred as to achieve an increased efficiency in the photo- 
graphic process. As was suggested above, the sensitiz- 
ing dye appears to increase the number of electrons ap- 
pearing in the conduction band. It was first proposed by 
Mort that the absorption of light by the dye raised an 
electron of the dye into a conduction band This elec- 
tron was now mobile and was available for partaking in 
the second and third steps of the photographic process 
If a dye were to absorb at a wavelength of 6500 A the 
energy would be of the value of 1.89 e.v An unsen- 
sitized crystal of silver bromide is observed to promote 
an clectron into an excited (mobile) state when it ab- 
sorbs radiation of the order of 3. This could account 
then for the sensitization process. One merely 
assume that when the dye absorbs it acquires enough 
energy to ¢ levate one of its own electrons into a conduc- 
tion band. Once an electron is found in an excited state, 
that is, in the conduction band, it is immaterial to the 
silver halide crystal how it originated. This excited 
electron can be utilized in the formation of a photo 
graphicimage. If, as was expressed by Mott in this carlier 
picture, the origin of the electron is from the sensitizing 
dye itself (i.c., to an inner photoelectric effect in the sen 
sitizing dyc), it would require that for regeneration to 
occur an clectron must be returned to the dye. Since dye 
molecules can sensitize with che formation of some 10 to 
20 silver atoms,'* regeneration of the dye (i.c., return of 
the electron) must be accounted for also. Actually, in 


need 
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the photographic emulsion, there is no need, nor in fact 
does each dye sensitize the formation of that many atoms 
of silver. But since the dye can do so, it can be assumed 
that the dye operates in the emulsion along the same 
path as when cach dye sensitizes for one or several ex 

citations. Now, since a practical sensitizer of the cya- 
nine type is a cation and since loss of an electron by the 
dye would convert it to an even stronger (doubly 
charged) positive atmosphere, it would not be unreason 
able to expect that the dye could capture an electron from 
some re adily available source. Such a source for elec 

trons would be provided by the bromide ions in the sur 

face layers of the silver halide crystal So the process 1s 
completed 


However, in a later article reviewing these considera 
erations, Mort pointed out that calculations of Protessor 
C. A. Coulson indicate that the ionization potentials of 
sensitizing dyes are of the order of 7 ¢.v This means 
that it takes considerably more energy for a dye than for 
silver halide to promote an electron into a conduction 
band. It becomes probable then that the sensitizing dye 
is not the source of the clectron in that state of mobility 
as found in the conduction band. It must mean that the 
sensitizing dye somchow transfers its absorption energy 
to the bromide ion found on the surface of the crystal 
It is the bromide ion, which takes thjs energy passed on 
by che dye, chat promotes onc of its clectrons into the 
conduction band; thereby, enhancing the photographi 
wocess as a consequence of the fact that longer wave 
ength light becomes photographically useful 


In the original hypothesis of Mott, speculation would 
indicate that it was most unlikely that an electron would 
leave the positive Coulombic field of the cationi dye 
molecule. Of great interest in this connection is a study 
by A. Vartanian"* of the photoconductivity characteris 
tics of dyes These dyes, some of which were cyanines, 
were precipitated on clectrodes and their photoconduc 
tivity responses measured in vacuo when irradiated with 
wavelengths of light corresponding to their absorption 
spectrum. Although some dyes corresponding to the 
cyanin typ gave a positive photocon uctive response 
when wavelengths of light of their absorption spectrum 
were used, it should not be concluded that the source of 
the electron in the conduction band is the dy« Pretet 
ably, it can be reasoned that the dye transferred its ab 
just as 

This 


anion 


sorbed energy to the anion associated with it, 
is believed to occur in the photographic reaction 
transferred energy then enabled the 
6.8... chloride or bromide )} to raise 
conduction level 


associated 
an clectron into a 


In revising his original view, Mott pointed out that 
because of faults or other special conditions of the 
native silver halide crystal there is a feeble red light re 
of its sensitivity to blue light 
Electrons exist in the crystal, therefore, at levels not far 
below the band of halide If the 
energy absorbed by the dye can be so coupled to these 
electrons as to effect an energy transfer, the electrons 
may move up into the conduction band. Further, the 
dyes would most likely be preferentially adsorbed and 
bound to the crystal surface at just those spots where 
faults or sensitivity centers exist. With dye polymers, 
Dickinson has pointed out that means are provide 1 for 


sponse of an order of 10 


conduction silver 
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light absorbed at some more remote point to be delivered 
to the sensitive 

The exact transfer of the 
of the ideas of Peierls 


Teller™ on energy propagation in 


enters of the crystal 
cncrgy 1s he st un lerstood in 
* Frenkel'* and Franck and 


crystal In effect 
} 


term 


when high excitation energies of light are absorbed by a 


an electron passes into an unfilled upper band or 
When 
absorbed, the clectron does not cs ayn 
hole Rather, the cle 
omparable to those assumed by 
atom An 


luction band leaving behind a positive hole 
smaller quanta ar 
from the field of che 
tak nergy to level 


positive tron 


cl ) around an atomi ore of a tre 
this kind of association of clectron and posi 


he shown to be mobile The exciton 


ms or molecul after al sorption of 


varying state of excitation up to tonization 

transiat la an ability to hand 

to th in the cry 
pr pa 


rystal 


m mobility ts 
itation energy Various units 
if Thisel 
through th 


ention of the energy by a part! 


troni xCitation cnergy is 


wiftly molecules of a 


ular mol ul 


in comparison with the period of excitation 


1 resule, it can be understood on the 


energy ol tain | DY the lye 


transferred (as an ex 


lity that th 
preferentially ton 
ad of dis 
j 


Pracdation to atom 


ipated within the molecul: 
vibrations of low energy 
slower and, therefor less prot al Ie 
though is 


to the rystal 


(which occurs as a 
poorly 
Methods 


liscussed under upersensitiza 


phenomenon Exciton energy 


transferred from the ageregat 


of aiding this transfer are 


transfer only if there ts an 


Ct course, there will be 


tion 
acceptor, such as a bromide 1on seated in an imperfection 
of th ilver halide 


available 


crystal with an electron at a suitabl 
Franck and Livingstone dis 
between rapid exciton migration and slower 

One of thes 


will be 


cenecrery | vel 
tinguish 


' 
proc 


fluor n 


slower processes, sensitize ! 


mentions | later in aiming at an 


explanation of certain aspects of desensitization 


Desensitization by Sensitizers and Desensitizers 


Desensitizing dyes generally do not inhibit che photo 
halide crystal 
engths ot light it absorbs 


when it is 
Oddly 
converted to 


conductuvity of the silvet 


radiated by wav 


enough rtain optical sensitizers, when 


desensitizers by the introduction of nitro groups of the 


arbon atom by a nitrogen atom in the 
ting the two heterocycl 


replacement of a 


methine chain conn nuclei of a 


ly act as 


cyanine sensitizers for the photoconductivity 
effect Unpublished data that 
dy onverted to desensitizers by the 
lefinic 


photocon luctivity re 


show certain cyanin 
introduction of a 
also have small but sensitization for 
the photographic effect The 
of the emulsion to light in the longer wavelength 


nitro wor up 


spon 
orr sponds to the a trum of thes 


Most 


sensitize the emulsion for photoconductivity 


rerion sorption Spec 


dyes on the grain lesensitizers, though, do not 


opt a 
Since no deficier trons can be detected in 
luction band of a silver halide emulsion trradi 
scnsitizer is prese nt, it must 


desensitization effect must be 


y of mobile el 
the con 
ated with blue light when a di 
thac che 
r step of che photography process 

ability of the 


associat { 
This step 


follow 


with a lat 


is apparently correlated with che desens! 
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Fig. 6. Diagram showing absorption of polarized 
light by the pseudocyanine polymer. Characteristic ab- 
sorptions are shown as the electric vector of the light is 


the X, Y, er Z direction. 


changed to 


tizer to capture the mobile electron and to function as a 
source of additional electron traps to those others found 
in the crystal. Naturally, the desensitizer trapping 
power 1s shallow compared to the applied potential used 
in the photoconductivity experiment, while it is deep 
compared to say a kink site or fault in the grain Upon 
capture of the electron the desensitizer converts the clec 
tron'’s energy to a state no longer useful photograph 
cally. If a process utilized in degrading excitation 
energy is in close contiguity with the remainder of th¢ 
molecule of a sensitizing dye, then there is observed a 
poor transfer of the absorbed energy of the sensitizer to 
the crystal. What is observed in terms of photoconduc 
tivity is a low sensitization by this type of dye in the 
region of its absorption spectrum when on a crystal 
These dyes are the nitro-cyanine dyes or the azacyanines 
carbon atom replaced in the chain by nitrogen atom) 
just mentioned above. These nitro-cyanines and azacy 
anines do not reduce the photoconductivity when the 
emulsion is exposed to blue light A nitro group ts 
capable of vibrations of low energy which destroys the 
absorption structure of a molecule to which it 1s at 
tached. In nearly all known cases the nitro group elim 
inates fluorescence Nitro groups and other electron 
accepting or casily reducible groups ent processes by 
which excited electronic energy is degraded and lost to 
the photographic system. Further unpublished data 
indicate that in the case of nitro-cyanines the desensitiza 
tion by the nitro group does not occur by a degradation 
of the absorption structure of the parent cyanine dye 
Desensitization most likely is a function of the reduction 
potential of the nitro group 

It was observed that the non-planar dyes are poorly 
adsorbed to the crystal. Further, the energy absorbed 1s 
rendered photographically useless probably because tor 
sional vibrations of the non-planar dyes may preferen 
tially degrade the excitation energy in licu of transfer 

When geometric isomers of several styry! desensitizers 
were studied where greater distortion out of planarity ts 
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Photographs are now being accepted for the 1954 
Technical Division Exhibit of the Photographic Society 
of America to be held October § to 9 in the Hotel Drake, 
Chicago, Illinois. This exhibit reflects the latest de- 
velopments of applied technical photography in all 
scientific and industrial fields. 
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“Who will see the exhibit?” 

The photographs in the Techni- 
cal Exhibit are viewed not only by 
leading photographers at the P.S.A. 
International Exhibition of Photog- 
raphy, but are displayed again and 
again at various public exhibitions 
throughout the U.S. and occasion- 
ally iecek One way this is done 
is through the Technical Division's 
Travelling Exhibits which are se- 
lected from the exhibit each year 
and made available to acoredieed 
groups over a 1 to 2 year period. 
During this time these shows are 
circulated continuously to colleges 
and scientific institutions for one or 
two-week showings at no charge 
except shipping costs. Other prints 
from the Technical Exhibit are se- 
lected for the PSA Invitational Ex- 
hibitions which are displayed pub- 
licly in the larger U.S. cities, under 
the sponsorship of the leading 
photographic yt ood and camera 
clubs in that area. 


“Why should | enter photographs?” 

The photographs in the Tech- 
nical Exhibit will give people a 
keener appreciation of the true 
scope of eo conducted 
in industrial and scientific labora- 
tories. Your photographs will il- 
lustrate more vividly to college 
students and others how complex 
Rigg may sometimes be solved 
y photographic means, such as in 
sidhaeed photography or cosmic- 
ray track studies. In this way your 
pictures will provide a real A int 
tional service in addition to their 
public relations value. 


“What are the entry requirements?” 

The next page lists the entry pro- 
cedure, and attempts to answer 
other questions you might have 
about the Exhibit. Item No. § is 
especially important as your photo- 
graphs are greatly enhanced by a 
brief description of—‘'Why the 
picture was taken and what tech- 
nique was used.’’ The closing date 
for all entries is August 15, 1954. 
I trust we will be hearing from you 
soon. 








CONDITIONS OF ENTRY 


Eatry is open to anyooe, anywhere. Membership in 
the Photographic Society of America is not a require- 


No entry fee is required 


Any type of subject matter may be chosen which uti- 

lizes industrial or scientific photography. Purely pic- 
torial photographs of equipment or mechanical operations 
however will not be accepted. Practical applications of 
photography to technical problems are desired as well as 
photographs that in themselves reveal new scientific know!l- 
edge of general interest. Photographs in such varied fields as 
armament, agriculture, astronomy, geology, medicine and 
physics are welcomed. However, photographs in the fields 
of zoology and botany except photomicrographs should 
generally be entered in the P.S.A. Nature Division Exhibit 


4 Both black-and-white and color prints, and trans- 
* parencies 2'/, X 3'/, inches or larger by any photo- 
graphic process are acceptable 


5 Each print or series of prints should be mounted on one 
* of more 16 X 20-inch cards if possible, or on 20 X 24- 
inch cards if necessary. The entries should include an outline 
description of the method used to make each photograph and 
comments explaining the purpose of the picture and its signi- 
ficance. This will help those viewing the exhibit to appre- 
ciate the usefulness of the photographs. We suggest that the 
explanatory paragraph be placed cither in the lower left 
corner of the mount or on a separate card suitable for hanging 
with the entry 


The contributor’s name and address should appear on 
e the back of cach mount. The maker's name should 
appear on the face of the mount. 


There is no limit on the number of prints or trans- 
®  parencies that may be submitted by a contributor 


While all possible care will be taken to safeguard prints 

e and transparencies, ocither the Society nor the Exhibi- 

tion Committee can assume any responsibility for loss or 
damage. 


q For your convenience and the protection of your photo- 
«© graphs we have included an address form which may 
be pasted on the package containing your entrics. Please use 
this form to mail your photographs to the George Eastman 
House, 900 East Ave, Rochester, New York. 


10 All contributors are requested to complete the ac- 
* | companying entry form and mail it to Exhibits Direc- 
tor, Donald B. Grim, 31 Eglantine Road, Rochester, New York 


1] Acceptance for the Exhibit will be determined by a 
. pane! of three judges. All contributors will be noti- 
fied of acceptances or rejections immediately after the judging 
Further selection of photographs for che Technical Division's 
Travelling Exhibits or PSA Invitational Exhibition will be 
made after the convention with notification given at that 
time. All photographs not included in one of these additional 
exhibits will be returned after the close of the convention. 


1 Each contributor will reccive an illustrated catalog 
® of the 1954 PSA International Exhibition. 





All contributors are requested to complete this form and send it by 
ENTRY FORM Ist Class mail to Exhibits Director, Donald 8. Grim, 31 Eglantine Road, 
, New York. Please do NOT enclose this form with your prints 
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Permission is granted to retain this photograph up 
to 2 yeors if selected for the Technical Division 
Travelling Exhibits or P.S.A. invitational Exhibition 


Please check ( ¥) appropriate columns or boxes 


TITLE OF PHOTOGRAPH 5 | 
at 
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Yes 


Yes 


Yes 


Yes 


Permission is also granted to reproduce prints and/or trans- 
porencies for publicity purposes in connection with the exhibits. 
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indicated for the cis isomer over the trans, there was 


found a greater desensitizing power of the cis over the 
trans form 

Now, once an electron is mobile, even the presence of a 
loes not diminish photoconductivity The 
ient when 
It 1s 


desensitizer 
lesensitizer are only eth 


rystal 


traps provided by the 
compared to the traps of the silver halide 
under normal photography conditions that the desensi 
tizer 1s Observed to trap the mobile electrons more readily 
than the When the electron is trapped by a 
desensitizer, it from any participa 
tion in the photographic process. However, it ts con 
ceivable that very efficient traps can be 
a silver halid 


which do not 


rystal 
is removed further 
onstructed in 


crystal, which rmmobilize electrons but 
move them thereby from photographi 
Further, if this trapping is 


sensitizer for the photoconductivity 


sufficiently 
effect 
would 


uscfulness 
strong, a d 
and a sensitizer for the photography 
Indeed, that ts precisely the behavior of the 


al sensitizers such 


pr cCSS 
appear 
known chemi as allylchioureca So 
as not to oversimplify the function of chemical sensits 
licated that they act in a 
with 


lual rok 


bromin 


zers, it should be 1 


they an ymmbine with positive holes of 
atoms and permit the formation of a latent image through 
the immobilization of cle rd 
they 

atoms 


trons at sensitivity spots 


an provide nu condensation of silver 

A most puzzling aspect of desensitization 1s that pro 

duced by sensitizing dyes the This effect ts 
that {tom 

filter a 

sensitization 


mselves 
han al 


an be attribut 


tion by che adsorb« 
} 


, 
over and above any 


{ dye layer 


1 co 


interferen or 
although th 1 
incrcas 


by the dye is observe 


with increasing concentration One might 


summarize th ynclusions of Spence and Carroll by say 
ing that the practical or 
sensitizing dye in an 
I on the 
on the other 


nsitizing ly . al 


ntration 
i} 


optimum con 


emulsion is determine } 


lesensitization 


va 
of absorption hand, and 
the dye 
of the s 


by differ 


one 

Up yn increase of concentration 
sorption and ! 
When th 
tion to desensitization passes through a maximum, then 


Mor Spence 


there was 


nsitization in 


crease net functions ratio of absory 


Maximum sensitization ts achieved ver 


and Carroll also showed that rion 


herween th 
the vrain 


no conm 


yptimum sensitization and the saturation of 


surface by dy 

Ic is fele understanding of desensitization by 

sensitizing dyes can be had by reference to con 
Already mentioned is the 


ited cle 


that an 
epts on 
sensitized fluoresenc« tran 
fer of energy Dy 

gration and 
app irs to Dest 
dye to th 
shift when the dye is adsorbed on the 


tron due to clectronic mi 
Ex: iton migration 
from th 


an cx 


to exciton migration 


xplain the transfer of energy 
hbathochroms 


grain and 


grain The characteristi 
to even 
longer wavelengths when the dye absorbs on the grain 
as a polymer indicates strong coupling of the partici 
pants; oupling being a requirement for exciton 
havg indicated that che 
energy most probably as an exciton migration since its 
that sufficient energy is al 


sorbed to raise one of its own clectrons into a con luction 


strong 
migration W lye transfers its 


spectrum does not indicate 
band for energy to be transferred as an electron migration 
A third means for transfer of energy can occur where thers 

nergy for electron migration and there ts 
yupling for exciton migration This third 


is insufh 


inad 


icnt 
juat 
PSA 
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type of transfer is termed sensitized fluorescence and can 
occur over distances of 50 A or more This type of 
energy transfer was first observed in a monatomic gas 
such as with mercury vapor Here, absorption of 2537 
4. which excites mercury, can be transferred to another 
metal vapor in the What is observed is that 
the resonance fluorescence of mercury is quenched and 
the fluorescence of the added metal vapor appears (sen 
Efficient transfer is obtained when 


system 


sitized fluorescenc« 
the added metal can be excited to energy levels lower than 
that 


fluores 


mercury Studies indicate 


is observed when the 


the excitation level of 
the most efhicient transfer 
cence spectrum for the primarily excited species over 
laps the absorption spectrum of the accepting molecul 
Now, this process ts in contradistinction to that where 
the primarily excited molecule emits, followed by absorp 
tion of the emitted light by a second type of molecul 
A sensitizing dye and a silver halide crystal represent an 
ideal case of the type of transfer of energy just liscussed 
Farnell, Burton, and Hallama thac ch 
silver halides exhibit fluorescence emission spectra when 
measured at the t mperatures of liquid nitrogen of hydro 


have shown 


These fluorescence emission spectra all lie in the 
range just to the 
absorption bands of the respective halides 


gen 

visibl long wavelength side of the 
Excitation 
of the fluorescence was shown to be effected by any wave 
length which the halide ts capable of absorbing In the 
ak emission in th 
A was discerned and at 20 K a strong 
maximum at SOSO A When 


particular case of silver bromide, a w 
red at $700-6450 

band in the green with a 
some silver iodide was present with the silver bromide 

a strong green emission band extending from $150 A to 
6000 A with a peak at $500 A (ascribed to the iodide 10n 

Thes that che 


sitizing dye ranges of absorption are extremely likely to 


was observed facts indicate usual sen 
overlap the fluorescence spectrum of the silver halick 
The energy of halide 
the same whether it is elevated by high frequency 


of high pot ntial 


an clectron in a silver conduc tion 
hand 1 
blue light) or it is in a stat 


rystal impert 


ta liation 


by virtue of its position at a ction and 


into the conduction 


Once the electron 


acquit ! the extra cnergy to get 
band by exciton transfer from the dye 
onduction band, then, pr sumably, one need only 
trum of halide and 
if eth 


onditon ¢ ould serve 


isina 


onsider the 


fluorescence sper silver 
the absorption spectrum of a dye a 
This ideal 


energy of the 


ceptor to sec 
ient transfer « 
to fa tlitare the 
silver halide crystal to the sensitizing dye present in the 
system Ie must be clearly indicated that the fluores 
nce spectrum (in this case that of the halide 
determines what is the ideal absorption 
haracteristic for an acceptor ase that of the dye 
sensiti 


anoccur 


transfer of the excited 


silver 
grain) only 
in this 
ited grain (1. iT 

Ie loes at all mean 
emulsions must fluores under the 
; in order for this trans 
Such a 


more as 


to take up energy from the ex 
zation by the sensitizing dy« not 
that halide 
usual photographic circumstance 
fer of energy from crystal to dye to take plac 
transfer can take place over an area of $0 A of 


ran ana ivingston 11S 
I k 1 J Tt 


manifested by a sensitizing 


silver 


indicated by would 


mean that desensitization 


ization The sensitizing 


mide cele 


lye is the reverse of its sen 
/ epts 


ive a tron at the 
height of che p 


energy from the br 
was el 


! It 1s 


tential to which the clectron 


vated, no matter how that clectron was clevat 
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lye handles this 
powers depend 


manner in which the 


lesensitizing 


in the sensitizing 
which its 
lye can ethciently transfer this energy 
back again to the silver halide (1.c. to other bromide tons 
at imperte s of che 
not tar below their conduction band ), then the sensitizing 


energy upon 


If the sen 


Wozing 


tion site rystal, whose clectrons are 


an cflicient on 


lye 1s 


lye is The energy removed by the sen 


sitizing reversibly put back in a manner which ts 
albeit cach 
lo not 


woul ! 


photographically useful losses occur at 
On the 


transter the 


those dyes which 


} 


other hand 
energy they 


1! to return to the 


transicr 


acquire y absorption 
crystal en 
ergy they acquired in any other manner. Such 
irradiation with 


corresponding to their spectrum or a 


not be expect silver halide 
dyes 
render energy, absorbed by wave 
length ft lighe 
quired by functioning as acceptors for the excited cle 
into a degraded form not usable in 

Such dyes should 
well, One sensitizing 
liphenylthiazolo-carbocyanine 


as Pina 


trons of the crystal 


the photographic pro sensitize 


poorly and desensitiz such 
lye 4, 3'-diethy!-4,4 
known to be as potent a 
kryptol green 
Experiments are in 
of the 


1rodid i lesensitizer 


these laboratories to 


stion 


progt ' in 


evaluate some abov supe 


Supersensitization and Antisensitization 


It is perhaps in the study of and 
antisensitization that one finds the most straightforward 
for believing that the sensitizing dye transfers 


superse nsitization 


eviden 


energy and not clectrons 


Supersensitization is a phenomenon of importance 
practically and theoretically in photography \ super 
when added in suitabk amounts, enhances the 


Many things function as 


scnsitizer, 
emulsion 
supersensitizers. They can be other sensitizing dyes or 
compounds which themselves absorb poorly in the visible 
They appear to function only if adsorbed to the 
understood 


sensitization of che 


region 


grain The mechanism involved can bese be 
by indicating successively what = ns as an emulsion 
\ hen a lye is com 


an emulsion, the 


1 and then supersensitized 
with silver halide 
absory tion spectrum of che original lye is shifted to the 
longer wavelengths and it ts the dye-silver halide com 
plex which should be considered as the absorbing con 
scituent. Upon the addition of the dye an increased 
photoconductive and photographic response of the emul- 
of {i | The 


tizer shows little measurable increase in adsorption of dye 


is dy 


bined grains, as in 


ion is fr same emulsion with supersensi 


to grain,” and only slight changes in light absorption 
characteristics 

Now, as to changes in photographic response upon 
addition of must know in which 
form the dye appears on the grain. Is it monomeric, 
wlymeric, or in some intermediate state of aggregation? 
n the case of dyes which even in incipient concentrations 
agercgat lyes in concentrations sufh- 
cient to form an ageregate (if the dy« 
polymer at all) one finds supersensitization most success 
fully applied Those dyes which persist in sensitizing 
in a monomeric state regardless of concentration are least 
subject to the action of a supersensitizer. Parenctheti 
cally, it should be indicated that adsorption measurc 
ments show no difference in the type of packing of those 


supersensitizer, on 


on the crystal or 


can sensitize as a 


so 


lyes which sensitize through their polymer band and 
that do not. The efficiency of sensitization (of 
energy transfer) is greatest for the monomer. To re- 
capitulate: the emulsion containing dye and supersensi- 
tizer manifests no great change in adsorption or absorp- 
tion characteristics over the same emulsion with dye and 
without supersensitizer. But the supersensitized emul- 
sion does exhibit an increased photographic and photo- 
conductive response. The fact that there ts no great 
change in the absorption characteristics of the emulsion 
with supersensitizer should mean that there ts essentially 
no different kind or quantity of energy being acquired 
But, in view of the higher photographic and photo 
conductive effect, the kind and quantity of energy a 
quired is being more efficiently transferred. Particularly 
oes this affect the dye polymer, which behaves as an 
exciton scatterer exhibiting a strong narrow absorption 
band accompanied by resonance fluorescence.""” The 
supersensitizers are believed to infiltrate the dye polymer, 
creating faults, so that the excitation wave can pour 
through and more readily couple its energy over to the 
silver halide crystal. The dye polymer exhibits reso- 
nance fluorescence which is unique for a complicated 
molecule. Such resonance fluorescence means that en- 
ergy primarily absorbed is being lost in a photographi- 
cally useless form. Anything which would increase the 
efficiency by which the irradiated dye polymer can trans 
mit the energy to a useful center would necessarily 
quench this fluorescence emission by the dye polymer 
Supersensitizers do just that and act as fluorescence 
Another known means of perturbing the dye 
is to create faults in the lat 
This can be 


those 


quene hers 
polymer (supersensitizing 
tice upon “0 h the polymer is adsorbed 
achieved for example by the addition of silver iodide to 
the emulsion.'’ Photographically it is seen that where 
the non-supersensitized emulsion contains the dye as a 
polymer, supersensitization enhances sensitivity con- 
ferred by the dye polymer. The photographic character- 
istics for non-supersensitized and supersensitized emul- 
sions differ in this case only in intensity. Where the 
non-supersensitized emulsion contains a dye capable of 
polymerization, but in too low a concentration to 
have many aggregates and to sensitize in any quantity 
through its polymer band, then the characteristics of 
this same emulsion, when supersensitized and non- 
supersensitized, differs photographically in intensity and 
in form. The supersensitizer increases the efficiency of 
energy transfer of the dye polymer, and although in this 
last emulsion only a few dye aggregates appear, they are 
rendered extraordinarily efficient. So the supersenst- 
tized emulsion in this last case has a higher photographic 
response in particularly the much longer wavelength 
regions over this same emulsion, non supersensitized 


It is entirely conceivable that in certain cases an added 
substance will be adsorbed to the silver halide grain, 
suitably dispersed in the dye polymer, which will perturb 
the exciton migration but will also function in a manner 
as to degrade the energy involved. In this case onc 
should selectively see a desensitization of those photo- 
graphic characteristics due to the polymer band (J-band 
absorption of the dye. One should also sce a decrease in 
yhotoconductivity upon irradiation with the polymer 
and wavelength and no decrease in blue light photo-con- 
ductivity. One should detect no change in the absorp- 
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tion characteristics of the dyed emulsion at any wave 
length. Such a substance should, like a supersensitizer, 
act noticeably upon dyes known to aggregate and should 
quench fluorescence. Such substances, essentially with 
the characteristics described, have been studied by West 
and Carroll and called antisensitizers 

One difference between supersensitizers and antisen 
sitizers deserves amplification. As stated, the 
both 1s best related to the transfer of energy 
polymer to crystal An antisensitizer helps convert the 
excitation induced in the polymer into a photograph 
useless form Known antisensitizers themselves 
absorb bathochromically with respect to the dyes to 
which they are added. So it is not 
view antisensitization as a transfer of absorption energy 
from dye polymer to antisensitizer The antisensitizet 
successfully competes with the crystal for the energy 
absorbed by the dye aggregate, captures it and then re 
this from photographic us« » Not 
infrequently, however, efficient supersensitizers al 
in the ultraviolet regions while the dye whose optical 


light 


action of 


rom dye 


cally 


unreasonable to 


moves energy 


sOT b 


sensitization they enhance absorbs green or red 
In such a case there can be no excitation to an upper al 
sorption level of the supersensitizer by energy transfer 
from dye West and Carroll have investigated the pos 
sibility transfer from the 
state of the sensitizer to the first excited triplet state of 
They found no direct evidence for such 
It is indicated then that in cases 


of a favorable excited singlet 
supersensitizer 
a resonance transtfcr 
such as these the supersensitizer functions in a physical 
manner by creating distortions in the dye polymer For 
some supersensitizers, alternatively, we find their absorp 
tion spectrum on silver halide suppressed when they ar 
put to use with dye. Manifestly, this favors the view 
that a specialized excitation unit is formed when a 
sensitizer-supersensitizer combination is used Various 
mechanisms for supersensitization appear to be operatiy 


Summary 


] A good sensitizing dye is adsorbed well to the 
silver halide grain; beyond that there is no correlation 
between adsorption and sensitization The sensitizing 
dye may exist on the grain as a polymer, monomer, or in 
some intermediate form 

2 A good sensitizing dye is a good sensitizer for th« 
photocondu tive effect 

3. Sensitization is interpreted as a transfer of 
to be grain 


pret 1 as providing for ethcient transter of energy from 


nergy 


utilized by che Supersensitization ts inter 


the dye absorbing as a polymer, whereas, antisensitiza 
hsorhe | 


tion 1s taken to mean degradation of the energy a 
by such a dye aggregation 
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4. Desensitizing dyes function as traps for electrons, 
and are not involved in the first step of the formation of 
the latent image The desensitizing action of a sensitiz 
ing dyc is related to the ability of the dye to accept energy 
If che sensitizing 
energy 
functions if 


excited silver halide electron 
it returns the 
sensitizing dy« 


from an 
lye functions reversibly, 
good sensitizer. If che 
reversibly and degrades the accepted energy, it ts an eth 


and is a 


cient desensitizer 
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SILVER 


BROMIDE PHOTO CELLS 


John Eggert and Hans Amsler* 


A. PART tf an investigation of th primary photo 


y Varying mditions, an 
th phot mys! of binde ! 
trical meat halid 
of which 
bromid 
manner 


while the 

en two silver clectrodes on 
mitting Th r 
was prepared in thi 
r plate of 


tran sulting silver 
following A 
about 20mm diameter was etch 


ly with hor nitric ; ! and then 


; 
brominated 
ally j } ien 5 mA/cm for 12 


to the gelhvanometer 


silver platelet 
with comcal 
(ortat 


Schematic section through the holder for the 


silver bromide cells 


Aglir 


A partially 


ren urta 


was lightly polished with 


transparent silver coating was 
onto th Ag lr 


mittan of this silver layer 


from sually 


light 
rany | in som Cascs 
W// The thickness of 
th i r bromide layer was approximately 10 microns, 
that of the evaporated silver layer normally « 
Iwo hehe a Phillips SP200 pressure 
a §00-w projection lamp, were used 
ells in order to test their eth 
of the mercury py 
} 


layer { 
fo i lune 


\ apor 


{rar was 
ximatcly 4, however, it 


‘py 


f 
i high i | 4 and as low As ] 


microns 
qu; 


my and 


high 


1ency The 
isolat ! 
of Schott glasses, whil 
wonding wavelengths 
interteren filters in 
proj 
furnish a photoclectri 


trum were 


table combinations 


yw wavy neth bands at corr 


| 


ontain using 


conjunction 
with th tungsten 
tion, th IIs 
teady sh the transparent les 
the positive pole of I] Figure | 
manner th tak ! 
ya photoel 
ystcem palvat | of 


non irradia 
urrent In th 
trode 
shows in what 
from the cell; ch 
trical amplifica 
Hilger 


yperation is shi i d ( 


lamy During 


anterior provides 
photo , ar 
urrent c meast 
London 
who omplete d 


xperim ntal 


hnique as well as special 
ita ‘ 1953' in the thesis of H 
Zurich Th 


following 1 


hnology 


ly th sults 


The internal resistance R, of the cells themselves can 
¢ of very different magnitudes with different sp 
yf the same preparation 
ting the cell operate at constant irra liation via different 
xternal resistances (galvanometer resistance R, + addi 

tional resistances R. and calculating the unknown R, from 

the observed values for the photo current and the known 

lata for R, and R Table I shows the values for R 

thus determined in the second column Afterwards from 

the transmittance T of the transparent « lectrode 

+) and from the magnitude of the ‘‘short 
ly 


ent’ 1 R, R QO) the short 


imcns 
It is best determined by let 


column 
circuit cul 


circuit voltage 


f th ll can be determined 


olumn of Table I \ 


Its values are shown in 


closer investigation re 


The photo currents are strictly proportional to the 
adiation intensity 
2 The internal cell resistance R 
the radiation intensity 
5 The short circuit voltage U 


is inde pen lent of 


cll resistance in accordance with | 6x1 ~ R: 
the numerical factor corresponds to the average photo 
urrent for a certain radiation intensity (based on trans 


parency I ] 
entrance 
——: 
primary 
¢ T . 


§ galvanometer 


is proportional to the 

















to the indicating galvanometer 


Fig. 2. Diagram showing the operation of the gal 
vanometer relay. S = mirror of the primary galvanom- 
eter, I light source, L’ and L” the optical images, 
K condenser, B aperture, B its optical image, 
O, and O lenses, P = ray dividing prism, 7, and 7 

barrier layer cells. 
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Table I 


OF DIFFERENT PHOTO CELLS 


laver had any effect on the light yield L, te. on the 

nsitivity of the cell, chis factor L as well as ¢ (de 
termined for A 465 mu) increased with the thickness 
of the evaporated silver layer, that is, with its decreasing 
transparency, as Figure 3 shows In order to « x plain 
this strange phenomenon, one needs only to consider 
the formation and nature of the border surfaces between 
the stlver bromide layer and the adjoining silver layers 


It che top stratum | thin and 


transparent (T near 1), the 
processes in the cell cannot proces 1! in the sense of full 
light utilization, as it occurs when by application ota 


thicker silver coating th border surface contact i 


— =—y 


Fig. 3. The logarithm of the quantum yield of some \ 
silver bromide cells for radiation of the wavelength 465 \ 


my plotted against the extinction « of the vaporized 
silver layer 


Operation of the Photo Cell 


In order to investigate the relationship between th 


magnitude of che short-circuit) photo current 1 
measured in amperes, or in electrons N, pet ond 
the incident radiation E, measured as number N, of in 
ident quanta with a calibrated thermopi! in watt 


m*, the light yreld L of the cells was determin 


N 
N 


of the silver bromide for th 
mined, we can also mea t 





light yield | quantum yield ¢ by torming th 
from the number N. of the electrons tran 
lculable from 1,) and th 


from E and the 


N 
N,.A 





In only one respect was the light yield d } . . 
; ‘ § Ox 60 m 9 
onditions of the preparation of the cells 
Fig. 4 The characteristic curve of the light yield (on 

logarithmic scale) for an unsensitized silver bromide 


plate nor the thickness of the generated silver cell plotted against wavelength 


the current nsity during the brominati 
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In any case 


{ 
it 


yt peak as intimate a Sit 
ler favorabl 


a} On the 


nt from Figure 3 that on 


iti appar 
ti 


tion 
Whereas th 


termiut 


value | 


Ils ould he ! 


actor ¢~ very hosely 


juant im yicid 


t wavelength ¢ 


, 
light yield 


| for light } my, for longer 


ould be 


ant 


wavelengths the only letermined 
as Figur 4 


the light yield nf ct 


how A very signifi haracteristic of 


cell is its 
very 


icivity ry f the 
break at approximatcly 490 my It recalls 


ondition 


simulat 
in ph wographi lay r Earlier 
that this break 
layer hasr ived, 
talli 


hows 


investiga 


tions’ hav hown always occurs when 


bromide of th 
ripening additional tra sof me 
ulfid Curve ) 
j h A photogray hi 
ler-tr 


the silver luring the 


hems al silver of 
the be 
urve 4 
h has not 


the break 


onstru 


on Figur ) 


layer, whereas 


photographic layer whi 


; 


onsequently does not show 


1 again reters to a ll of the usual 
tually the break approximately in the 

wher in al photography 
pecial cell. In these 
brominated in the 
Vaporate ! electrode 
red with 
lark room 
water so that 


how 


oun th 


latter (wo cas 


usual manner, but was not giv 


alterwat instead, a gia ‘ Wa ove 


ilver by evaporation and immersed (in the 
well agitated | 
i 


for a short time in romin 


the mirror wa vere with a thin coating of silver 


A 


Fig. 5. Spectral light yield of two silver bromide 
photocells and two photographic layers on a logarithmic 
scale. Curve | refers to a cell of the customary structure 
(taken from Pig. 4) and the curves 2 and 3 represent a 
cell composed of two half elements. Curve 4 represents 
the course of the spectral sensitivity of a binder-free 
layer and curve 5 of a ripened layer containing a binding 
agent The curves have been drawn arbitrarily to coin 
cide for the wavelength 465 mu 


Fig. 6. Spectral light yield of two silver bromide 
cells on a logarithmic scale. Curve | refers to an un- 
sensitized cell and curve 2 to a cell sensitized with eryth- 
rosin The curves are arranged arbitrarily to meet at 
the point of shortest wavelength. Curve 3 logarithm 
of the absorption of the aqueous 1: 12,000 erythrosin 
solution used for the sensitization 


bromide 


finally 
plate 


The glass plate prepared in this manner was 
pressed tightly against the 
The cell examined as follows 
On irradiation with light of the wavelengths $78 and 
46 my the cell at first does not 
photo current; only for \ 436 my there ts a 
photo current; for A 365 my the light yield increases 
and remains constant for continued irradia 
tion, corresponding to curve 2 of Figure §. On repeated 
irradiation with A 436 my, the previously meas 
reappears. However, the 
lengths 546 and 578 produce a photo current, as 
3 of Figure 5 shows. From this experiment, it follows 
that the quantities of silver formed during the irradia 
tion with short-wave light have “ripened” the cell and 
made it sensitive to light of longer wavelengths, just 
as this takes place in the normally prepared cells during 
the evaporation of the transparent silver electrode car 
ried out under strong illumination, and during the ripen 
ing of photographic emulsions 

Similar parallels can be drawn when the silver bro 
mide is given additions of silver todide or when the cells 
are sensitized with dyes which are left to dry with the si! 
ver bromide layers from solutions prior to the applica 
tion of the second electrode 
xample 

As a final important property of the silver bromide 
ells, reference should be made to the dependen e of the 
photocurrent upon time. Whereas a normal vacuum or 
selenium barrier layer cell responds to illumination with 
out inertia, the AgBr photo cells show a pronounced 
induction period finally approaching the steady photo 
current upon which all data given so far were based 
Figure 7 shows characteristic current vs. time 
for two cells with very different internal resistances 


brominated silver 


COM posite was 
yield any noticeable 
strong 


once more 


ured value now wave 


curve 


Figure 6 may serve as an 


curves 


T he 
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higher the resistance, the more slowly the limiting value 
of the photo current is reached and the more slowly the 
original zero value of the cellis reached after disconnection 
of the light source. If the cells contain an acceptor, ¢.g 

NaNO, a similar 
behavior 
photo current in the opposite direction, but soon 
passing through the zero valuc 
towards a distinctly 


Figure 8) even sensitized cells show 
the cell at first produces for some seconds a 
after 
changes its sign, tends 
lower stationary value than ts ob 
and finally afrer cutoff of the illumina 


behavior of the induction 


served normally, 
mirror image 

the photo current rises in the dark at first and a 
onds later returns to the zero value 


tion shows a 
pre CSS 


few se 


Explanation of the Phenomena 


The current production of the cell can be ascribed quite 
generally to the fact that the exposure was carried out 
asymmetrically; che bromide as the active sub 
stance 1s exposed predominantly on that side of the cell 
which faces the transparent clectrod In the steady 
which shall be described first, 
positive This suggests that this positive polarization 
of the anterior electrode ascribed to the 


silver 


Statc, this clectrode is 


may he action 





* 1a ‘ ree 
Fig. 7. The photocurrent plotted against the time 
after the start of the illumination and black-out (after 
180 sec.) of a cell with low internal resistance (cell 62, 
upper curve and left ordinate) and of a cell with high 
internal resistance (cell 1, lower curve and right 
ordinate ). 


of the bromine formed during the photolysis of the silver 
bromide; for the bromine atoms (or afterwards bromine 
molecules) formed during the primary process a 
to 


cording 


Br> + hv — Br + « 


withdraw clectrons from the adjoining silver clectrod 


ace ording to 


Br +c — Br 


and confer a positive charge to the silver clectrodc As 
a direct experimental proof of this mechanism, consider 
the fact that his process occurred either not at all or be 

latedly and to a smaller extent if the silver bromide was 
pretreated with sodium nitrite during the preparation of 
the cell. As Figure 8 has shown, the anterior electrod 
of the cell in this case at first assumes a negative sign, 
apparently because the acceptor NaNO, takes up the 
formed bromine more rapidly and opens the way for th 
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Fig. 8. The photocurrent plotted from the time after 
start of the illumination and black-out (120 sec) of a 
cell which was treated after electrolytic bromination 
with a 0.1 M sodium nitrite solution 


bromine to reach the silver clectrode only after local 
impoverishment of NaNQOs at least in part so that the 
clectrode itself positively as previously 
without However, because the 
a lower stationary 
cells free from an acceptor 
to sodium nitrite In all 


always in the 


can recharge 
acceptor acceptor re 
tains its activity to a certain degree 
reached than in 


Sensitizers can act similarly 


value ts 


cases in the sense of this representation 
the current production 
an clectron current flows from the 
rear clectrode through the outer circuit in order to com 
pensate the positive polarization of the front clectrode 
If the ur in an extremely thin border layer 
next to the front electrode especially in the case of short 
wave light (365 my), and if che bromide and the 
transparent clectrode are in closest contact, a condition 
which apparently is fulfilled especially favorably in thick 
every 


steady state of cell illumination 
comes about because 


processes x 


silver 


evaporated silver layers (of low transparency), 
bromine atom generated by the 
contribute to the positive charge of the front electrode 
so that correspondingly many clectrons which are sup 
plied by the rear electrode can be registered in the outer 
current circuit (¢ ] Apparently the internal resist 
ance R ot the cell does not play a decisive rok rather 
it regulates only the voltage U of the cell according to 
the mentioned interrelation U es 

As far as the negative 
develops at the start of the illumination of a cell con 
taining an acceptor, it must be remembered that in the 
photochemical primary process an electron ts liberated 
s»..ultancously with the this cle 
tron the transparent clectrode served as an electron trap, 
and we are inclined to assume that the negative charg 
thus conferred to the front electrode would simply cancel 
the positive charge duc to the bromine. If that wer 
illuminated cell would not show any po 
tential difference at all and no current production 
However, normally this 1s not so but this state can occur 
moment when the cell 
illumination: in this 
exceptional state the charges reaching the front clectrode 
If therefore the front elec 
(or a sensitizer) can 


absorbed radiation can 


charge is concerned, which 


bromune atom For 


the Casc, the 


only transitorily, that is, in che 


reverses its polarity luring the 
just neutralize cach other 
trode in the presence of an acceptor 
not be reached by bromine because it 1s intercepted by the 
there occurs a negative polarization resulting 
trode by the cle« trons 


acceptor 
from the charging of the front cle 


$5 








iherated during the primary pro [his polariza of bromine, ceases with the extinction of the light. In 
tion soon again Decom Positry however, because of the absence of light the slower diffusion process, W hich 
the exhaustion of the acceptor Nevertheless the mecha is still partially inhibited by the acceptor, causes the 


{ manner unless in positive polarization of the electrode by the ontinued 





the front clectrode presence of accumulated bromin That this reaction 


Ic must be as takes place even in cells free from acceptors is evident 


the formation from the fact that the cell current docs not become in 


trapping of the el stantancously zero upon the cutoff of the light current, 
ior thu but also fades only slowly 
In general this explanation of the observe 


appears to be in agreement with the conceptions now 


1 phenomena 


nee of xisting, also with those known concerning photo 
ae Ther graphic layers These experiments provided unambig 
ager penned sous evidence, except with regard to the mechanism 
erichin th % dye sensitization. It was noted chat enecnsitined 


he ann oie: name lls on trradiation with light of long wave.icngths do 
, » the ‘ 

not yield an apprecial le current and that sensitiz 1 cells 
tationa©ry tatc 1 j ' 


Tin oamne fad o so, even with positive front clectrodes. That only 


L means that bromine atoms are formed 


even in the pres 
stat ot . I 


j 

t (dar 
nce of sensitizers which in the sense of our conception 

However, in this , 

= the ilfaes make the front electrode positiv However, it does 

» the : 

, notnecessarily mean that these bromine atoms are formed 

by the known exchange of electrons between the dye 


molecules and the Br~ lattice tons; for the same final stat 


} ov show 
mnt f when the 
thi c oft cll th ~ 
wh th ould be reached by an exciton mechanism 
igain tor a teow s 

temporarily mort References 
tate occurs | 
which had pt 


to the diffusion 


SOME NEW OPTICAL SYSTEMS FOR SPECIAL PHOTO- 
GRAPHIC APPLICATIONS 


H. Joe Meyer” 


ABSTRACT 


juipment an of optical and mechanical achievements, as well as im 
st evervon proved photographic technique among the photographers 


F ce think 
ee see In the field of industrial and research photography, for 


on oft 
we example, the clements of time and space are brought int 
a more casily understood relationship, thus enabling the 
j 


mc Way cof 
scientists and engineers to collect, collate and 


evaluat 
this influenc ous 
1941 brought 


that stcamulat hotogt n much the same 
World War I ? lvancel American dve is taken for granted in the past. Now photography of the 


Th invisible 1s commonplace, extending the visible spe 


lata and phenomena heretofore hidden or at least not 
fully understood Photography ¥ the visible has been 


lemands wet upon it 
’ ws trum into both the uleraviolet and the infrared 
of photography has heer ; expanded becaus 


when ercat 


, This article will discuss a few of the relatively new 
ak Oy 


advances in special optical systems and techniques 
Many of these advances were precipitated if not create { 
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by the exigencies of World War II. The discussion wil! 
be mainly in terms of 16mm film sizes although, gener 
ally speaking, the lenses referred to are also suitable for 
8mm, single and double 35mm cameras and even 2'/, 


2'/, inch film sizes 


Extreme Wide Angle Lenses 


Where an extremely wide field of view ts required the 
new 142” wide-angle lens, f/1.5 in speed, focal length of 
3.7mm, may be useful Another recent lens is the 84 
focal length of 5.4mm, f/1.5 in speed and with 8 elements 
The systems of the basically reversed tel 
photos in form 

Extreme depth of field ts provided in these as in all 
wide-angle even at the maximum aperture of 
{/1.5, because of the very short focal lengths They also 
show small residual aberrations with the exception of 
The distortion, which must be expect: 
of extreme wide-angle lenses of high rela 


lenses are 
le nscs, 


distortion 1, Is 
characterist 
tive aperture 
circular picture but sull an acceptable one for problems 
where required. Projection 
printing worked out to 
correct from thes« 


lenses 


In other words, these lenses provide a 


wide angles of view ar 
with could be 
postive prints of negatives made 
A hemispherical screen will restore the image 
and eliminate distortion The Jam Handy Co. has 
some work with such a system in making Acrial Gunnery 
Training Films. If mathematical determinations at 
desired, then the distortion can be corrected by proper 
calibration This problem and other phases of the usc 
of these by Gilkeson and 
Turula 

The history and levelopment of the 142 
ot Douglas Au 


correct optics 


don 


lenses ts amplified in a paper 


lens are well 
covered in a paper by Bauer and Blak 
cra describing the problems confronting 
them in 1948 and the research leading to development of 
this lens system 


mpany 


specifications called for these wide-ang] 
lenses on three cameras 1) the Bell & Howell 35mm 
ultra-speed camera, (2) the Modified Filmo (with speeds 
of up to 200 pictures per second ), de velop 1 jointly by 
Bell & Howell and Training Aids, Inc., and (3 
the Fastax Camera manufactured by Wollensak 


Original 


Various 
model 
Optical Company 
other than high-speed motion picture work, and often to 


where extreme wide 


This optical system can be used for 
the photographer's advantag« 
angle 1s necessary, although the resolving power ts lowct 
than that of lenses of more conventional design 

The 84 will find even 
greater potential usage in industrial and research fields 


lens, not so extreme in angle, 


Consideration is being given to the use of this lens for 
where wide angle and maximum 
Photog 
raphy in cramped quarters (such as in the cockpit of an 
airplane ) would be facilitated by the use of this lens 
Fine optical system of the 142° lens comprises a Wollen 
sak 25mm f/1.5 Cine Raptar lens as the positive com 
conjunction with a negative 25mm 
The separation of the two components or 
lepending 
During manufa 


underwater studies 


apertures are required in the study of marine |ife 


ponent, in lens of 


focal length 


lens systems can vary from about 6 in. to 7 in 


on the actual angle of view desired 


ture this construction ts customarily set for 140° angle in 


compliance with Douglas specifications and d 


iTawings 


PSA TECHNICAL QUARTERLY, MAY 1954 


Fig. 1. Light path through a Mirrotel 
lens showing the “folding” effect, 


The production units, which are the result of joint efforts 
of engineers of both companies, are available for general 
use 

Another lens which should be mentioned is the 12.7mm 
f/1.5 Cine Raptar for l6mm cameras. This lens was de 
signed to fill the need for a distortion-corrected lens with 
minimum residual aberrations where extreme coverage 
isnot a requirement. It has a diagonal coverage of 56 
This '/y in., £/1.5 lens has had a broad acceptance be 
cause it is wide angle but not to the point of any sacrifice 
theretore, greater range of 


in quality, and it, covers a 


application 


Mirror Optics and Spherical Mirrors 


Che utilization of aspheri and spherical merrors ts not 
new The spherical mirror objectronabk 
spherical aberration, even though this aberration ts 8x 
smaller than that of a single refracting lens of equal 
aperture and focal length This is true even when the 
lens has the most favorable bending for minimum sphert 


alone has 


cal aberration 

Where high resolution and overall highest quality per 
formance are essential considerations, any spherical 
affecting thes« 
Therefore, in the past, mirrors were parabolized by hand 
correction A highly skilled 


involving claborate and painstaking testing methods 
rimary paraboloidal mirror, a 


intole rable 


aberration requirements 1s 


timc-consuming proc ss 
In conjunction with the 
hyperboloidal or ellipsoidal secondary mirror was neces 
sary to assure spherical aberration correction while relay 
image out of the system for observation or r 
or film Hand-figuring the se 
was also a tedious and highly skilled art 

Che advantages of optical mirror systems ar 
aberrati m-free system 
Newtonian 


ing the 


mnpy on mirtofgr 


mdary 
such that 
ways to achieve an we! 
levised through the years The 
was followed by the im 


furt 


other 
sought and 
system, one of th simplest 
r improved but 
Schmidt cor 


mirror 


roved Cassegrain system, and the 
Gregorian system In 19) 


pheri il 


le +s { sirable 
the spherical aberration of th 
In nt years, the 


rected 
with one aspheric corrector plat 
perfect 
reached 
Catadiopteri t lephoto objectives I he 
referred to later 
survey of work on optics in che 
liately before 


correction with all spherical com 
Mirrotel 
Deltel 
and other mirror optics are described in a 
Netherlands during th 


Bouwe rs 


ultimate goal 


with the all new 


lin 


ponents —has been 


written by 
ports on mirror 


last war or imm 
This book, ‘Achievement in Optics, 
optics d¢ Bouwers and his as 


velopment urried on by 


sociates, much of which was done underground during 
military occupation of the Netherlands 
The first successful instrument employing mirror opti 
that was manufactured in America ts the Mirroscope, a 
2 x SO telescope OF spotting scope made by Wollensak 
three additional focal lengths available in 


40 in. and 80 1n 


Now there ar 


photography objectives namely: 20 1n 


47 





re 


Fig. 2 The 20 inch long Mirrotel lens, having a 
focal length of 80 inches, mounted on a 35mm minia 
ture hlm camera, or vice versa 

This uniformly graded ale of 
velop 1 for th 


was te 


focal lengths 
convenience of photographers and engi 
neers 

Probably chi 


mirror ystems is th 


| 


important advantage of optical 


chromati 
ial focusing tor intra-r | There 1s 


legrade che 


omplet absence of 
aberrati ”) no spe 
no secondary color and no lateral color to 
light path ts ‘‘folded 

| 


within the syst length and 


imag Because th 
Figure | 
ke that 
The greatet 


three times 
weight are 
those of an equivalent refractive system 
tability thus attained ts extremely 


objectiv ease of 


impor 
tant for long focu Operation, and 


uy rall 


performance Lxamp!l A conventional 80 in 


refractive tel 


photo lens would be 68 in. long, measured 
Mirrotel 
mly 20 in. from focal plane to ftont This 
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Most of the lenses discussed can be used on the Bell & 
Howell Cameras including the high speed modified 
Filmo, the Eastman Kodak High Speed Camera and the 
Wollensak Fastax Camera, to name the high spec 1 units 
on the market. Then in addition most normal speed 
intermittent cameras will accept these lenses, too. The 
Mirrotels can be adapted to practically all the double 
frame 35mm still cameras that have removablk 
These wide-angle, high-speed refracting lens systems and 
mirror telephoto systems developed in recent 


lense $ 


years arc 
typical of the progress that is being made in increasing 
the application of photography by industry and science 
The importance of photography was well expressed by 
Ansel Adams when he wrot Photography, next to 
the printed word reaches, instructs, interprets, clarifies 


and modulates opinion more than any other medium of 
ommunication and expression 
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AN INORGANIC DEVELOPER REACTIVATED 
BY ELECTROLYSIS 


A. A. Rasch and J. I. Crabtree, F.P.S.A.* 


ABSTRACT 
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balance carry r losses 


OLt certain metal tons have been known for 
some time to have photographic activity Rather exten 
sive investigations have been made of a developing sys 
while 


TIONS otf 


tem employing ferrous iron as the active agent, 
some work has been done on systems using chromium, 
molybdenum Recently, experimental 
been given* on systems in which metal tons 
and leveloping agent, 
particularly good results being obtained with tron and 
titanium of the have 
found much practical use because of their low activity, 


tungsten,’ and 
lata have 
a chelating agent are used as the 
10ons However, none systems 
poor stability, and short exhaustion life 

For some time past, divalent vanadium has also been 
known to have photographic activity. In 1894, A. and I 
Lumiére bed the preparation of a vanadium de 
veloper However, few experimental data 
were given and a subsequent reference® did not add to 
this information 

The recent investigations of Pierre Roman, 


de scri 
solution 


a French 
photographic chemist, have revived interest in the in 
Roman calculated that a 
metal-ion system having a standard reduction potential 
more than +0.120 volts would silver 
bromide silver bromide bromide Hy 
decided to limit investigation to developers that would 
be of some practical interest and, therefore, the 
had to meet the following requirements 1) The 
should not be greatly affected by reasonable changes in 
concentrations of the oxidized and reduced form of th 
active agent, and (2) the oxidized and reduced forms of 
the active agent should he soluble and dissociat { 

With these requirements, Roman found that the sys 
tems listed in Table I were of possible interest Tin was 
immediately eliminated because its nonselective develop 


organic developer systems 
negative reduce 


in a ion system 
systems 


system 


ment characteristics, and the chromium system was also 
found to give extremely poor fog-to-image ratio. The 
trivalent tetravalent titanium system found to | 
too inactive, and the divalent trivalent titanium system 
Tungsten required the use of hydrofluors 


was « 
too unstat le 
acid to keep it in solution, making its use impractical 
The vanadium solution could be readily prepare 1, 
Roman 


reduced 


however, and was a very active developer 
found that an acid solution of electrolytically 
vanadium gave especially good results on motion picture 
Since the divalent trivalent 
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As will be scecn, 


vanadium system is reversible, 
solution can be regenerated by 
forms the active divalent vanadium ton 
this method is a feature of the use of the vanadium sys 
tem 

Since Roman's original work was published, an exten 
sive investigation of the vanadium developer system has 
been undertaken in the Kodak Research Laboratories 
Alchough all varieties of emulsions have tested 
using the vanadium system, particular emphasis has been 
placed on finding the optimum formula for use with 
which best 


been 


motion picture emulsions on 
results were obtained 
been designed for processing with a vanadium deve loper 


which includes a means of maintasming developer activity 


positive ty yx 
An experimental machine has 


by electrolytic regeneration 
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Preparation of the Developer 


Only a few vanadium compounds are commercially 
available of adium would be 
most desirable as a starting compound, the cost of the 


and, although a salt van 


salts 1s prohibitive Vanadium pentoxide is by far the 
cheapest of the compoun ls but is somewhat difficult to 
compound in a developer, owing to its low solubility in 
Water or dilute aci ! solutions 


f Solubilizing the Vanadium Pentoxide 


Roman described a method of preparation in which 
sulfur dioxide is bubbled through a mixture of the vana 
dium pentoxide and hydrobromic acid. Sulfur dioxids 
reduces the vanadium from the pentavalent to the readily 
soluble tetravalent state and the resulting solution can 
then be electrolyzed to form the divalent vanadium 

This method was used in the preparation of the solu 
for the current 
investigations 


tions preliminary experiments of the 


However, it was soon found that traces 
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Fig. 1. Vanadium development compared to con- 
ventional development. Eastman Fine Grain Release 
Positive Film, Type 5302, developed 20, 28, and 40 
seconds at 60 F in vanadium developer (curves 1 to 3) 
shows a two stop speed advantage over the same film 
(curve 4) developed 4'/, minutes at 68 F in Kodak D-16 
developer 


lead liner insulated from the tank constitutes the cath 
ode, and an unglazed porcelain cup centered in the tank 
ontains a graphite rod, which serves as the anode 

The vanadium solution serves as the catholyte, while 
the anolyte consists of a sulfuric acid solution equal in 
total acidity to that of the developer solution 

Direct current is supplied co the cell from a selenium 
rectifier or a d-c generator. Suitable provision is made 
to stir the solution in the cathode compartment, and the 
whole unic is surrounded by a cold-water cooling jacket 

A current density of 250 amperes per square meter ts 
the cathode. The laboratory cell de 
scribed draws about 30 amperes at a potential of § to 6 
volts across the cell. The reduction process is accom- 
plished at a current ¢ ficiency of 70 percent, with the result 
that this cell can prepare the usual developer solution at 
the rate of about | liter per hour 


maintained on 


( Chemistry of the Electrolytic Reduction of Vanadium 
Te (ra 
state 


The reduction process takes place in two steps 
valent vanadium ts first reduced to the trivalent 
and, when this reaction is complete, the trivalent vana 
dium is reduced to the divalent state The first step pro 
ceeds to completion using only slightly more than the 
theoretical current consumption, the small! loss in current 
ethciency being due to heat evolution. However, the 
second step of the reaction never does go to completion 

tee 80 to 85 percent of the trivalent vana 
dium to the divalent state, current efficiencies of less than 
50 percent prevail This loss of current cfhiciency 1s due 
to hydrogen gas formed at the cathode asa side reaction 
which is in competition with the vanadium-reducing 
reaction 

Actually, it would be expected that this gas side reac 
tion would be predominant, since the Standard E.M.F's 


and, in re 
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of the two systems would indicate that hydrogen ion 
would more readily accept an electron than the trivalent 
However, owing to the fact that the lead 
cathode has a high overvoltage to the 


vanadium 
hydrogen gas 
forming reaction, the reduction of vanadium will occur 
more readily he reaction ts not climinated completely, 
and when about 60 to 70 per cent of the vanadium has 
been reduced to the divalent state, hydrogen gas begins 
to form at the cathode and the rate of formation in 
crceascs rap {ly 
found impractical to carry the electrolysis beyond the 
point where 85 percent of the vanadium has been re 


duced, since current efficiency at this point is very low 


as clectrolysis proceeds Ic has been 


From a photographic standpoint, further electrolysis ts 
unnecessary since the developing capacity of the solution 
at this point is ample 

During the carly stages of clectrolysis, oxygen forms 
at the but as electrolysis proceeds, a certain 
amount of bromide diffuses into the anode compart 
ment and is immediately oxidized to bromine, but in the 
preparation of the developer the amount of bromide ton 
that diffuses into the anode compartment ts not enough to 
affect the developer composition significantly. In the 
case of a long-term electrolysis, proper balancing of the 
made to offset the effect of cle 


anode, 
1on 


concentrations can be 


trolysis 


Properties of Vanadium Developer 


Development of Eastman Fine Grain Release Positive 
kilm, Type 5302 
The solution prepared as already described is an ex 
tremely active developer, especially when used to process 
Eastman Fine Grain Release Positive Film, Type $302 
As shown in Figure 1, development for times ranging 
from 20 to 40 seconds at 60 F produces sensitometric prop 
ertics very similar to those produced in 4 minutes at 
68 F in a conventional Metol-hydroquinone developer 
such as Kodak D-16 
sensitometric properties produced by vanadium develop 
ment is the more than two times increase in speed 
Shoulder densities, however, tend to be somewhat low 


One outstanding difference in 


during the short development times and fog values will 
tend to be a little high unless proper precautions arc 
taken 

Of particular interest in this case is the rapid rate of 
development that is obtained at lower than normal 
temperatures. Development to produce normal gamma 
with this film requires about 20 seconds at 60 F as com 
pared to 28 seconds at 80 F in a high-energy developer 
such as Kodak SD-26 A comparison of the results pro 
duced by the three types of developers is shown tn Figure 
) 


4 


B Formula Variation to Produce Optimum Results 


Roman obtained best results with a vanadium de 
veloper solution 0.4M in vanadium and 2.35M in hydro 
bromic acid. He also tried sulfuric hydrochlori 
acid solutions of vanadium but obtained lower imag« 
densities and much higher fog values 

Roman's optimum experimental formula did not give 
best results when used with Eastman Fine Grain Release 


Film, Type 5302, available in this country 


and 


Positive 
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Fig. 2. Vanadium development compared to conven 
tional and high-energy development of Eastman Fine 
Grain Release Positive Film, Type 5302. Curve 1: 20 
seconds at 60 F in vanadium ipedegen Curve 2: 28 
seconds at 80 F in Kodak SD-26; Curve 4: 4 minutes 
at 68 F in Kodak D-16. 


The formula used to produce the results shown in Figure 
1 was the result of experiments in which a systemati 
variation of the various developer components was made 

The optimum vanadium-ion concentration was found 
to be 0.35 to 0.45M, which is in agreement with Roman's 
work. However, better results were obtained with a 
mixture of hydrobromic and sulfuric acids rather than by 
using cither one alone 

The fogging propensity varied quite widely with the 
sulfuric and hydrobromic acid concentrations, minimum 
fog values being obtained when the ratio of the equiva 
lent sulfuric acid to hydrobromic acid concentration was 
4:] Fog and speed values varied somewhat with the 
total acidity of the developer having the optimum 0.44M 
vanadium concentration, a total acidity of 3.0N being 
found to be about optimum 

Combining these values, a formula 0.44 molar in vana 
dium, 80 to 85 percent of which ts in the divalent state, 
2.4 normal in sulfuric acid, and 0.6 molar in hydrobromi 
acid positive typ 


emulsions 


ncture 
volumes of starting 


best results on motion 
In terms of weight an 


the optimum experimental formula was as 


gave 


materials 
follows 


40 grams 

68 milliliters 
68 milliliters 
* 1 liter 


Vanadium pentoxide 
Hydrobromic acid (48°; 
Sulfuric acid (95° 
Water to make 


28 Grams of oxalic acid were used to dissolve the vana 
dium pentoxide 

Since this formula tended to give slightly higher than 
normal fog values on ciné positive types ot emulsions, the 
addition of antifoggants was investigated. Conventional 
organic antifoggants, such as benzotriazole and 6-nitro 
henzimidazole, were found to have no effect on the fog 
ging propensity However, low concentrations of potas 
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Fig. 3. Pog density produced for a given 
degree of development in vanadium de- 
veloper at various temperatures using East- 
man Fine Grain Release Positive Film, Type 
$402 
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Phot gra phn Chemistry of Vanadium Devel pment 


The temperature of development, while controlling 


levelopment rate, has 
as shown tn Figure 3, are obtained at 
Above 60 F, fogging in 
of image development 


an appreciable effect on fog forma 
tion Hest result 

of 60 I 
reas harply for a given legr 
It has also been found that fogging will vary widely from 
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higher temperatures, even though there are no 


ences it nsitometric results when ches 
pro iin a cony 


The ¢ 


hown if} 


ntional dev 
coethcient of development ts low, as 
4. being about 1.5 for a 18 I 10 ¢ 

has been pone ! our, th 
levelopment is higher, 
leveloper has less 


loper 
mpecrature 
Pigure 
change of temperatut As 
temperatur cihicient of fog 
resule that th 
sclectivity at higher t mperatur 

emulsion, the 


with th vanadium 


Using a positive type of kinetics of 
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lr. H. James and L. J. Foremiller, of thes 
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Fig. 4. Development time vs. development tempera- 
ture in vanadium developer to produce gamma = 2.5 


on Eastman Fine Grain Release Positive Film, Type $402 


Fig. 6. Effect of de- 
gree of agitation on 
vanadium develop- 
ment. Curve | was 
produced by still de- 
velopment and curve 
2 by using highly agi- 
tated development for 
the same time. 


Relotive log £ 


and the complete description of this work appears in a 
forthcoming article." The development reaction can be 
most simply stated as follows 


Vtt+ + Ag Ag+ \ 


James and Fortmiller found that the rate of development 


is proportional to the concentration of vanadous ton up 
to a concentration of 0.1M but it drops somewhat below 
lirect proportionality at higher concentrations, and the 
rate is essentially independent of vanadic-ion concentra 


tion 
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Fig. 5 The effect of divalent vanadium concentration 
on yale Tc rate of Kodak Super-XX Panchromatic 
sheet film. X-X-X = Ratio of divalent to trivalent vana- 
dium concentrations constant. O-O-O = Divalent vana- 
dium concentration varied, trivalent vanadium concen- 
tration = 0.44M, 
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Alchough James and Fortmiller's work was done with 
special apparatus, climinating secondary effects such as 
solution exhaustion and aeration, tests by the authors 
using conventional processing techniques and a negative 
type of emulsion gave very close to the same results 
Figure § shows that development rate was completely 
dependent on divalent vanadium concentration, whether 
or not total vanadium concentration was kept constant or 
varied proportionally to divalent vanadium concentra- 
tion 

The rate of development under most practical condi- 
tions appears to be largely controlled by the rate of dif- 
fusion of developer through the gelatin layer, and there- 
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fore is markedly influenced by agitation. The differ- 
ences in sensitometric properties produced by varied 
agitation are demonstrated by the curves in Figure 6 
When comparing high agitation with still development, 
it is seen that for the same time of development much 
higher shoulder densities and higher gamma are ob 
tained when high agitation is used 


D. Effect of Vanadium Dat elopment on V artous Photographu 
Materials 


Since best results have been obtained with fine-grain 
positive types of emulsions, most of the preliminary work 
was done with this material in order to develop a prac 
tical method for the rapid processing of 35mm motion 
picture prints 
photographic materials has been made using the opt 
mum experimental positive film developer Therefore, 
the results obtained to date do not necessarily represent 
the best that can be obtained with the optimum varia 
tion of the vanadium developer formula 


release Testing of other varieties of 
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Fig. 7. Vanadium development compared to con- 
ventional development of Kodak Super-XX Panchro- 
matic sheet film. Curves 1 & 2: 40 and 60 seconds at 
60 F in vanadium developer; Curves 3 & 4; 4 and 7 
minutes at 68 F in Kodak DK-50 developer. 


The characteristic difference in results produced between 


vanadium-processed positive and negative emulsions ts 
that large increases in speed compared with conven 
tional development are not obtained with the negative 
films 

] Amateur and Professional bilm 
professional negative films tested, fairly good results 
were obtained on Kodak Super-XX Panchromatic sheet 


Of the amateur and 


film developed 40 to 60 seconds at 60 I As shown in 
Figure 7, fog values tend to run high and shoulder densi 
tics low when compared to conventional processing 1n a 
developer such as Kodak DK-50. At best, speed values 
obtained are equal to those obtained by conventional 
processing but will generally tend to run low, especially 
if an attempt is made to control fogging 

When developing other negative sheet and roll 
in the vanadium ipvalenen, much poorer results 
obtained. The major difficulty involved was the 


films 
were 
high 
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Relotive log exposure 


Fig. 8. Vanadium development compared to conven- 
tional development of Kodak Super Panchro-Press 
Type B sheet film. Curves 1 and 2: 28 and 40 seconds 
at 60 F in vanadium developer; Curve 3: Typical curve 
produced by development in Kodak DK-50 developer. 


fogging propensity of the vanadium developer. Ex- 
tremely high fog-to-image ratio constituting almost non 
selective development was obtained on Super Panchro 
Press Type B sheet film (Fig. 8) and Kodak Plus-X roll 
film. Some suspicion exists that these results are not a 
developer characteristic or a characteristic of one pat 
ticular type of emulsion There appears to be a varia- 
tion of fog developed on different samples of the same 
emulsion, an effect similar to that already noted in the 
case of positive-type emulsions developed at high tem- 
peratures 
those shown have been obtained with samples of Super 
XX Panchromatic sheet film, while better results have 
been obtained on the Super Panchro-Press film 

2. Professional Motion Picture Film. The has 
been found to be true when processing motion picture 
negative emulsions 


On other occasions, much poorer results than 


samc 


Fairly good results such as those 
shown in Figure 9 can be obtained on Eastman Plus-X 
Panchromatic Cine Negative film while poor results such 
as obtained on Eastman Super-XX Panchromatic Cine 
Negative (Fig. 10 

[The potassium iodide antifoggant has no significant 
effect on reducing fog of the high-fogging emulsions 


are also obtained 








g exposure 


Fig. 9. Vanadium development compared to conven- 
tional development of Eastman Plus-X Panchromatic 
Cine Negative Film. Curves 1 & 2: 28 and 40 seconds 
at 6O F in vanadium developer; Curve 3: 6'/, minutes in 
Kodak SD-28 developer 








A was also made to obtain better resules by 


liluce leveloper for longer development 
In all 


tion of inferior results with any of the emulsion samples 
i 


mn attempt 
using a moar 


times, but to no avail ases, there was no indica 


when veloped by conventional means 

ible lefi- 
lopment characteristics of the negative 
! system until fur- 


vanadium devel yper 
that affect sensi 


It is not pos to establish 
the dev 


mulsions in the 


at the present time 


nitely 
ther study has been made of the factors 
tometri said that 


frum Ie 


properties At bese, it can be vana 


velopment produ results on high-spec 1 nega 


produce { by 


tive emulsions somewhat poorer than those 
onventional fe veloy ment 

| ‘ 
encouraging results have been obtained on the samples 
1 thus far { Figure 1] 
vanadium development of Kodak Industrial 


Dy px M, in 25 onds at GO Ff 


Ray bilm In the case of x-ray emulsions, more 


investigate shown in results 
produ 1 by 
x Ray bilm 
with ) 
Ray 

although fog values tend to 


obtained on Kodak 


om pare very 
lopment in che Kodak 


Speed has been increased 


favorably minut 


Rapid x 


omewhat 


Dev lox f 
higher 
Brand 


run 


imilar results were Bl uc 


Medical X-Ray 


Film 





Fig. 10 Vanadium development compared to con 
ventional development of Eastman Super-XX Panchro- 
Curves | & 2: 28 and 40 seconds 
st 6O F in vanadium developer; Curve 4: 9 minutes at 68 
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Fig. 11. Vanadium 
development com- 
pared to conventional 
development of Ko- 
dak Industrial X-ray 
Film, Type M. 80- 
KV X-Ray expo- 
sure using ultraspeed 
screen. Curve 1: 25 
seconds at 68 F in 
vanadium developer; 
Curve 2: 5S minutes 
at 68 F in Kodak 
Rapid X-Ray Devel 


oper. 


liluted 1:2 Here dithculry 1s need in 


ontrolling development because of the very short times 


some expert 


mn ssary to reach normal gamma Fog values increas 
rapidly when longer development times are used 

The results discussed so far represent a rough survey of 
the effect of vanadium development on photographi 
materials and are by no means absolute nor do they repre 


sent the best possible results that can be obtained in each 


as Until systematic formula variations can be nade 
in an attempt to obtain optimum re sules on each ryyx oft 


emulsion, it 1s not wise to make any final conclusions 


/ Physical Characteristics of Vanadium-Developed Images 
The characteristics of images produced by 
velopment have been studied in the case of Eastman 

Fine Grain Release Postive Film, Type $302, and have 

marked differences from thos 1 by 


vana lium 


shown some produ 





att nes dens ty 
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Log exposure 

Fig. 12. Vanadium development compared to con- 

ve “tional development of Kodak Microfile Film. Curves 

1 & 2: 20 and 430 seconds at 60 F in vanadium developer; 

Curves 3 & 4: 4 and 6 minutes at 68 F in Kodak D-11 
developer 
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conventional developers. Photomicrographs of cross 
sections of a vanadium-developed image show that image 
silver tends to be concentrated more towards the surface 
of the emulsion than is the case with conventionally de 
veloped images. Where there ts high fog, “fog silver 
is predominantly deposited near the base, and the extent 
of this fog silver varies inversely with the amount of 
image silver produc ed 

The image tone produced by vanadium development 
on Eastman Fine Grain Release Positive Film, Type $302 
is somewhat colder than that produced by conventional 
development but the graininess of the two images r 
mains essentially equal. In terms of speed-graininess 
ratio, vanadium development appears to give a consider 
able improvement over conventional processing 

The relatively high acid concentration of the vanadium 


leveloper is necessary to prevent hydrolysis of the vana 
The high acidity 


lous ion and sul seq uc nt prec ipitation 


will cause serious swelling or dissolving of the gelatin 


unless the photographic emulsion used is prepared with 
hardened gelatin, or is hardened before development 


The physical stability of fine-grain positive emulsions 


when process¢ {in vanadium solutions ts excellent {< 








Relotive log exposure 





Vanadium development compared to con- 
ventional development of Kodak Velox Printing Paper, 
2. Curve I: 5 seconds at 60 F in easton de 

2: 6O seconds at 68 F in Kodak Dektol 
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Fig. 13 


Grade 
veloper; Curve 


developer diluted 1:2 
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Schematic representation of 


Fig. 15 
lead 


vanadium processing machine: 1 
cathode; 2. porous cup; 3. carbon anode; 
4. anode compartment vent; 5. cathode 
compartment vent; 6. column of orifices 
through which developer is forced to 
give immersed-jet agitation; 7. drive and 
squeegee. Arrows in developer recircu 
lation system show the direction of solu 
tion flow The electrolysis cell, the de- 
veloping tank, and the drying cabinet 
are of Plexiglas, while all other parts 
that come in contact with solutions are 
of Type 4316 stainless steel 








Hours Geratior 

The rate of aeration of vanadium developer 
Curve 1: Hours of aeration vs. divalent vanadium con 
centration of developer. Curve 2: Time required to 
develop Kodak Super-XX sheet film to gamma 0.70 
in aerated developer vs. hours of aeration. Data are for 
| liter of developer standing in | liter beaker at room 
atmosphere conditions 


Fig. 14 


This is due, in 


spite the extreme acidity of the solution 
low tempera 


part, to the short deve lopm« me cin the 
ture of processing, and the hardening power of the vana 

liumion. If temperature of processing is raised to 75 | 

softening and reticulation of the emulsion may occur, even 
luring short developing times 


/ Stability of Vanadium Developer 


The stability of the vanadium developer in terms of 
resistance to acration 1s very poor in COMparison to most 
As shown in Figure 14 


conventional film de velopers 
developer occurred 


almost complete oxidation of the 
within 24 hours when a 1-liter sample of the developer 
about 3 inches deep having a surface area of 15 square 
inches was exposed to room atmosphere conditions. I 
the developer 1s agitated without provision being mad 
air, the oxidation will occur much more 
rapidly Therefore, it the high 
capacity of the deve loper, to exclude air as much as 1s 
reasonably possi! le during processing Deve loper solu 
tions stored in full, tightly stoppered bottles, however 


lo not 


tf cx lude 


is necessary 


Ic Spite 


leteriorat 





/ 


trolytic cell in the machine n not have a very high 
i 


apacity However, if the machine were filled with 
inclectrolyzed deve loper at the start, it would require an 
unreasonable amount of time to bring the solution up to 
proper activity with the low-capacity machine cell 

R plenishment to maintain volume of solution in the 


ystem can be made with ecither the eclectrolyzed or non 


lectrolyzed solution. The replenisher solution has essen 
tially the same composition as the starting solution, with 


} 


the possible exception of a slightly lower bromide concen 


tration Ac the carry-out rates found 
much as 3,300 feet of 35mm film can be processed in | 
liter of vanadium dev loper solution Th bromide 


uld-up in th leveloper aused by this high processing 


on the machine, as 


hniqu 
lopment ; , , 
apacity, will be at least partially compensated for by the 
ing ma . 
; ; lectrolysis Bromide ion diffusing into the anode com 
- ; 


to Mr 


partment of the machine cell 1s oxidized to bromine gas 
and thus fr moved from th systcm If this ts not 





nough, th omposition of the replenisher olution ts 
if! 
adjusted accordingly 


Practical Test 


j Runs of up to 8,000 feet have been made on the proce 
| I 
sing machine with Eastman Fine Grain Release Positiv 
Film, Type $302 Electrolytic regeneration of the de 
j 


ly described, to maintain 


ati Dy px 


mati pr 
eer \ loper was used, as alrea 
‘ 


Imm loper activity, and throughout the run it was possibl 


to produce reasonably constant photographic results 

lo keep a check on the developer composition during 
rocessing, an analysis procedure has been devised that 
quir 10 more equipment, time, and skill than che 


procedure used in control analysis currently practiced by 


motion-picture processing laboratories 


[here appears to be no necessity for special techniques 
in processing other than to observe the following pr 
aution Since the vanadium solution 1s very scnsitive 

crial ox! lac m, Care must he taken to prevent un luc 


to air, otherwise very rapid oxidation of th 
ing. thi r will occur and there will be a tendency towards 


ging 
m dioxide gas blanket was maintained over th 
leveloping tank head on the experimental machine sinc 
there was a tendency for air to be sucked into the system 
It ts believed, however, that an improvement in design 
will eliminate this necessity and che slight oxidation 


pray hat would occur could be balanced by electrolyt 
o that thet regencratior 
tc with th ! 
r} x per 

i) Potential Application 
ntal ma in \ \ tl f m acy pment PP 
ma At present, the only immediate potential users of the 


vanadium system are large-scale laboratorics processing 


motion-picture positive film that already have the ne 
ary facilities and skilled personne! The advantages of 
1 imcrease, im 


proved image tone, and high capacity of ¢ vanadium 


rapid development rate, effective spec 


} velor ment system are offset by th n essity of han 


lling a corrosive solution, a noxious gas, and using special 


juipment Further study and development will be 


n ary to determine the ultimate practicability of the 


vanadium system, but it re presents a pronecring effort in 
| 


the use of morganic salts for veloping photograph: 
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Fig. 17. Developing and regeneration sections of vanadium processing 
machine. The oxidized vanadium formed by the development process and by 
aeration is electrolytically reduced in the cell shown in the foreground 
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Fig. 16. General view of experimental vanadium processing machine tor pro 
ducing projection lengths of 45mm motion picture films. Because of the corrosive 
nature of the vanadium developer solution, materials such as Plexiglas and Type 
416 stainless steel are used in the construction 
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